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ABSTRACT 
Data from 456 halothane normal purebred Yorkshire, Duroc, and Other breeds pigs from two 
national progeny testing and genetic evaluation programs were utilized to estimate genetic 
parameters for carcass components in pigs. Carcass components were cut and weighed 
according to Institutional Meat Purchase Specifications. Primal cut weights evaluated 
included 401 Ham (HAM), 410 Loin (LOIN), 405 Picnic shoulder (PIC), 406 Boston Butt 
(BB), and 409 Belly (BELLY). Individual muscle weights included the inside (INS), outside 
(OUT). and knuckle (KNU) muscles of the ham, the longissimus dorsi (LD) and psoas major 
(TEND) of the loin, and the boneless components of both the Boston Butt (BBUTT) and 
picnic (BPIC). Muscle weights from each primal were summed to yield a boneless sub-
primal weight (BHAM, BLOIN, BSHLDR), and all boneless sub-primals were summed to 
yield total primal boneless lean (LEAN). Heritability estimates for HAM, LOIN, and BELLY 
were 0.60, 0.61, and 0.67, respectively. Heritability estimates for BB and PIC were 0.10 and 
0.18, respectively. Heritability estimates for the boneless components of each primal were 
higher than those for the intact primals. Genetic correlations for HAM, LOIN, and PIC with 
LMA were 0.57, 0.79, and 0.83, respectively, and -0.66 with BFIO. Boneless sub-primal 
components were highly correlated with LEAN. Gilts had heavier weights (P < 0.01) for all 
primal cuts (with the exception of BELLY) and boneless sub-primals, individual muscles, 
and LEAN. Gilts also had less BFIO and more LMA (P < 0.01). Duroc pigs had a heavier (P 
< 0.01) weight for HAM when compared to Yorkshires, but were not different (P > 0.05) 
from the Other breed. Yorkshire pigs had more (P < 0.01) LOIN weight than did the Duroc 
or the Other breed. No breed differences (P > 0.05) were found for BLOIN, BSHLDR, 
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LEAN, or BPIC. Results suggest primal, boneless sub-primal, and individual muscle weights 
in pigs should respond favorably to selection. 
CHAPTER 1. 
INTRODUCTION 
For years producers sold hogs to packing companies based upon the amount of live 
weight across a scale. This marketing system was known as the spot or cash hog market. In 
1934, George A. Hormel & Company in Austin, Minnesota, began a grade and yield buying 
program. This program was used to purchase hogs based on carcass weight (yield) and some 
estimate of lean composition (grade). Today, most hogs are graded by measuring last rib 
backfat with a steel ruler, or backfat and loin muscle depth with an optical grading probe or 
ultrasonic device to estimate carcass lean composition. With the introduction of this new 
buying program, new hog marketing systems began to develop. 
One new marketing system uses the spot hog market as a base price with premiums or 
deductions for undesirable carcass characteristics (too light/heavy/fat/light muscled). Other 
types of marketing include a fixed price tied to hog futures or feed costs, window pricing 
where the producer is guaranteed a given price range and shares the risk with the packer if 
the base price moves out of that given range, and internal transfer of packer owned hogs. No 
matter what type of marketing scheme used, the spot market still sets the base price. 
According to Glen Grimes, the concern now is the disappearance of the spot hog 
market (Smith, 2001). Since 1994, the marketing of hogs on the spot hog market has 
declined steadily from 64% of all hogs marketed to only 17% in January, 2001. The question 
is how will hogs be marketed in the future? New technologies have given rise to the ability 
to predict lean composition of each component of the pork carcass. Therefore, packers could 
begin carcass component pricing, which is purchasing hogs based on the amount of lean 
meat, fat and bone in each of the five primal cuts of the carcass. 
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When the grade and yield program became popular, producers needed accurate and 
reliable genetic parameter estimates for backfat and loin muscle area/depth, the traits for 
which they were being paid. Through use of the backfat probe and subsequent ultrasonic 
technology, producers could accurately measure these carcass leanness indicators on live 
breeding stock. With accurate measurement methods, genetic parameters, and a pricing 
system that paid for leanness, producers began selecting for carcass leanness. With moderate 
to high heritability, this trait responded very well to selection. 
If carcass component pricing becomes the preferred method of hog marketing in the 
future, accurate and reliable genetic parameter estimates need to be published for these 
individual carcass components. The weight of each of the five primal cuts and the amount of 
boneless lean could be predicted from a single, cross-sectional real-time ultrasound scan at 
the tenth rib on the live animal. Selection pressure could then be applied to produce animals 
with more meat and less fat in the higher value pork carcass components (ham & loin) and a 
thicker, higher quality belly. 
In this thesis, the variance components of the weight of the five primal cuts of the 
pork carcass, boneless sub-primal cuts, individual muscles and whole carcass composition of 
boneless lean will be investigated and be used to estimate the genetic parameters for each of 
the traits listed. 
3 
CHAPTER 2. 
REVIEW OF LITERA TORE 
With the drastic changes in swine production and pork marketing over the last quarter 
century, producers have had to stay one step ahead of the competition to remain 
economically viable. They have accomplished this through very intense selection for traits of 
economic importance. In order to make selection decisions that indeed improve the genetic 
merit of livestock, accurate and reliable variance components and genetic parameters for 
these economically important traits must be known. Long-term selection for the classical 
body composition traits of backfat and loin muscle area or depth has been very successful, 
showing vast improvements in total pounds of lean tissue per pig. Now, since pork packers 
and processors are using different methods to estimate carcass composition, new traits of 
interest must be examined. This review of the literature will examine previous research in 
the theoretical area of variance component estimation as well as genetic parameter 
estimation. It will also include discussion on different methods used for hog procurement, 
classical measurements to estimate carcass composition and published parameter estimates 
for the classical carcass composition traits. 
Variance Component Estimation 
Phenotypic variance is the amount of variation measured on a given phenotype, 
which is equal to the squared deviation from the population mean. This variance can be 
partitioned into observable components which arise from different causes. This is the 
fundamental principle behind the study of variation in a population (Falconer & MacKay, 
1996). By measuring these components of variation and the relative importance of each, the 
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genetic properties of the population in question can be obtained. These genetic properties 
form the basis for resemblance among relatives. 
The total or phenotypic variance can be separated into both genetic and 
environmental variances. The genetic variance is caused by differences in heredity while 
environmental variance is caused by differences in the environment. The genetic variance is 
the variance of genetic values in a population, which can be broken down into the additive 
effect or breeding value, dominance deviation, and the interaction between the additive effect 
and dominance deviation. The additive variance is the variance of the breeding values of 
individuals in a given population and is the only component that can be estimated from 
observations within a population. Additive variance is also the primary cause for 
resemblance among relatives, response to selection, and ultimately genetic progress 
(Falconer & MacKay, 1996). By accurately estimating variance components and the genetic 
parameters calculated from these components (heritability and genetic correlations), 
successful selection methods can be implemented. 
Over the years, many different statistical methods have been used to estimate 
components of variation. Some have been limited by the theory behind them while others 
require immense computational power. In order to implement the most successful breeding 
strategy possible, accurate variance components and genetic parameters must first be 
estimated. Several different methods used to estimate variance components will be discussed 
here. 
No single variance component estimation method has been robust enough to work in 
all situations with all types of experimental designs and data sets (Schaeffer, 1993). When 
estimating variance components, one should look at the properties of each method and 
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choose the method which best fits the data. The properties outlined by Shaeffer (1993) are: 
estimates which are not affected by fixed effects (translation invariant), components which 
fall into the parameter space, unbiased estimates, minimum mean square error, accounts for 
selection, and computational requirements. 
Crump (1946, 1951) and Eisenhart (1947) published some of the first reviews of 
variance component estimation using what was referred to as Method II. In this method, all 
terms in the linear model were considered random, except for the mean, µ. This method was 
developed using orthogonal data with equal numbers of observations in each of the 
subclasses. Then, using an analysis of variance procedure, mean squares are computed, 
equated to their expectations, and the equation is solved for the unknown variances. This 
method works well when the data fits (i.e. orthogonal, equal numbers of observations in each 
subclass, all effects random and uncorrelated), but when dealing with most biological data 
this method is inadequate. 
To deal with the flaw of effects all being considered random, the term Mixed Model 
was developed for a model including terms which were fixed and some which were random 
(Henderson, 1953). C. R. Henderson was one of the first to deal with this idea of Mixed 
Models. Henderson ( 1953) developed three different methods to estimate variance 
components. These methods were called Methods I, Il, and ID. Method I is the simplest and 
easiest to use, however it yields biased estimates in certain instances. Method Il corrects the 
data for the fixed effects and then implements Method I. Method m is the most accurate, 
yielding unbiased results, but is the most computationally challenging of the three. 
Method I (Henderson, 1953) is very similar to Method Il from Eisenhart (1947). It 
uses a simple analysis of variance procedure to estimate sums of squares for each term in the 
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model. Then, by equating these sums of squares to their expectations and solving for the 
unknown variances, the components of variation are found. This method could, however, 
lead to biased results, as all terms in the model except for µ are considered random and 
uncorrelated with the others. 
Method II (Henderson, 1953) helps account for the biased results from fixed effects 
but not for correlated terms in the model. This method uses a least squares analysis to 
estimate the fixed effects. The data are then corrected for these estimates of the fixed effects 
and Method I is used on these corrected data. Biased results are still encountered if some 
terms in the model are correlated with others or if an interaction among different terms exists. 
Method III (Henderson, 1953) is the most complex and computationally challenging 
of Henderson's three methods. However, it does yield the most accurate and unbiased results 
of variance component estimates. In this method, mean squares for non-orthogonal data are 
computed via least squares analysis and equated to their expectations. These equations are 
then solved for the unknown variances. At the time, this method was not very practical in 
terms of computational power unless small numbers of unequal subclasses existed in the data 
or if the mean squares could be solved without computing the least squares. 
Due to Henderson's extensive work in this area, many more researchers began to 
investigate variance component estimation. Hartley and Rao (1967) presented the quadratic 
forms in Maximum Likelihood (ML) as a way to estimate variance components in a general 
mixed model containing both fixed and random effects and their interactions. The use of ML 
in variance component estimation requires the maximization of the log likelihood function 
(Searle, 1971). Maximum Likelihood requires a great deal of computational power, but was 
preferred over earlier variance component estimation methods because it was translation 
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invariant, gave functions for every sufficient statistic, and gave simultaneous estimates of 
both the fixed and random effects (Kennedy, 1981; Harville, 1977). 
Kennedy ( 1981) showed that this ML method did not require an assumption of a 
normal distribution and did not account for the loss of degrees of freedom due to the 
estimation of the fixed effects, and was, therefore, biased. Restricted Maximum Likelihood 
(REML) was developed to partition the likelihood function into different parts, one being 
free of fixed effects (Patterson and Thompson, 1971). Corbeil and Searle (1976) reviewed 
this procedure and developed a method to maximize only the part of the likelihood function 
which was invariant of the fixed effects. This procedure accounted for the bias associated 
with the fixed effects (Schaeffer and Soong, 1978) and, in practice, has yielded identical 
results when compared to a simple ANOVA procedure with balanced data. Juga and 
Thompson ( 1989) and Ouweltjes et al. ( 1988) also found this method to be more resistant to 
bias caused by selection. Restricted Maximum Likelihood was also shown to yield non-
negative variance component estimates (Harville, 1977). 
One set back to variance component estimation with REML has been the lack of 
computational power. Henderson ( 1980) stated that large data sets, which used mixed 
models, unequal subclass sizes, and large numbers of levels per effect, required extreme 
computational power. For computationally simple methods to be employed, researchers 
must make inappropriate assumptions regarding their model. Henderson's new method was 
computationally simple, using only the diagonal elements of the coefficient matrix instead of 
inverting the entire matrix and requiring no unnecessary assumptions about the model. This 
method allowed for the use of mixed models with interactions and nesting among both fixed 
mvanam poruon 01 me uKeunuuu 1uncuun anu vanance cumpunenus were esmnaLeu w1muuL 
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and random effects by solving the mixed model equations and equating them to their 
expectations. 
Sparse matrix methods have been used to reduce the computation time needed to run 
variance component analysis on some of these very large data sets (Fellner, 1987). Misztal 
( 1995) used sparse matrix methods to develop a REML approximation. This method works 
by diagonalizing the random effect covariance matrix and applying canonical transformation. 
It has been shown to work for up to thirty traits, but the same model is required for all traits 
and it does not allow missing data. The SPARSP AK sparse matrix program has been shown 
to significantly reduce central processing unit time on both a mainframe and personal 
computers (Boldman and Van Vleck, 1991 ). 
Grimes and Harvey ( 1980) developed a general, yet simple, method to 
estimate the environmental variance and covariance of a population by utilizing the 
resemblance among relatives. This method uses the relationships between all pairs of 
animals but ignores certain relationships that exist. Covariance between effects in the model 
is permitted and the method is not restricted by experimental design. Squaring the 
differences between pairs of related animals and solving by ordinary least squares solves the 
components of variance. The estimates are unbiased but require inversion of the coefficient 
matrix, which limits its use to somewhat smaller data sets. 
Derivative-free REML (DFREML) was proposed by Graser et al. (1987). This 
method of variance component estimation showed that derivatives and expectations need not 
be computed and significantly reduced computation time. It also maximized only the 
invariant portion of the likelihood function and variance components were estimated without 
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inversion of the coefficient matrix. Meyer ( 1989, 1991) modified this method to incorporate 
random effects and multiple traits (MTDFREML). 
Variance component estimates are biased when selection is applied in a population. 
Almost all animal breeding data involves some unknown parental selection. When selection 
is practiced, gene frequencies change, gametic disequilibrium occurs, and some inbreeding 
results. These three effects change the true genetic variation in the population, normally 
resulting in a decrease. However, these effects are not independent of one another (Sorenson 
and Kennedy, 1984). Reeve (1953) found that the variance components from Henderson 
(1953) are biased by selection. Rothschild et al. (1979) and Sorenson and Kennedy (1984) 
found minimum variance quadratic unbiased estimation (MIVQUE) and REML could 
account for the bias associated with both selection and culling. However, both methods 
require inversion of the coefficient matrix and are computationally limiting. 
Marketing of Hogs 
Methods of marketing hogs have changed drastically over the last century. Some of 
this change is a result of university and industry research, while some is attributable to 
producer pressures for increased prices for higher quality hogs. This section will review 
different pricing methods which have been incorporated by packers and processors in the 
procurement of hogs. 
The ultimate goal of a hog procurement plan is to buy hogs as cheaply as possible. 
Packers are interested in making sure the price they pay for all hogs is relative to the value of 
all hogs they purchase (Wiley et al., 1951). However, by differentiating between different 
types of hogs, packers can relay consumer preferences back to the producer in the form of 
these price differences (Brorsen et al., 1998; Grisdale et al., 1984; Raikes, et al. 1973; 
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Hayenga, 1971; Ikerd & Cramer, 1970; Dowell & Engelman, 1949). Through feedback from 
the packers, producers could make a conscious effort to raise higher quality hogs, which 
would be worth more to both the producer and packer. If these fat and lean differences are 
not rewarded or penalized, the work of the geneticist or nutritionist to help producers make 
these changes is not necessary. 
The oldest method of procurement was a certain price negotiated per head, which was 
highly inaccurate in determining carcass value and is no longer used today (Shepherd et al., 
1940). The most popular and most widely used form of hog procurement for most of the last 
century was the pricing of live hogs. According to Raikes et al. (1973), live hogs would be 
priced using one of three different methods based on price per one hundred pounds of live 
weight. Using a "live average" method, a packer-buyer would estimate the number of hogs 
in each weight ( and sometimes grade) categories and negotiate an average price for the whole 
lot, which was the only information transferred to the producer. In a "live sort" method, a 
packer-buyer would weigh the hogs and sort them into different weight and ( estimated) grade 
groups and give the producer an average price for each separate group. The "adjusted live 
sort" method is similar to the "live sort" method, but high and low quality hogs are sorted 
and priced separately. Farmers selling live hogs could "fill" their hogs with feed and water 
to add extra weight. Buyers usually tried to account for this in their negotiated price 
(Engelman et al., 1953; Shepherd et al., 1940). 
Packers are paid for quantity of primal cuts, trimmings, and off al or by-products 
(Boland, 1999). Since packers are not paid for pounds of live weight, research began early to 
study how live weight pricing reflected true value of the pork carcass. Live weight only 
makes up approximately 50 percent of the variation in carcass value while carcass weight and 
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backfat thickness account for roughly 75 to 85 percent (Hayenga et al., 1985; Grisdale et al., 
1984; Dowell and Engelman, 1949). 
Live weight pricing is not accurate for two very fundamental reasons. Packer buyers 
cannot accurately assess the value of the carcass prior to slaughter, and more importantly, the 
differences in value for a given lot of hogs. Secondly, farmers cannot assess carcass value 
any better than the packer buyer. With this in mind, buyers would pay very similar amounts 
for hogs within given live weight ranges unless obvious defects were noticed and discounted 
(Shepherd et al., 1940). 
When assessing the accuracy of live weight pricing of hogs, one common flaw stands 
out. The variation in carcass value was much higher than the variation in price paid for each 
hog. This shows that packer buyers used too narrow of a window of live prices to purchase 
hogs with a large window of carcass corresponding values (Dowell and Engelman, 1949; 
Shepherd et al., 1940). Therefore, a more accurate purchasing method was needed to 
overcome this flaw in live pricing. 
The most accurate way to price hogs and/or carcasses would be to weigh each 
individual cut from each animal separately and price the animal according to these weignts. 
However, this is highly impractical with the high-speed slaughter and processing facilities in 
the United States. So, in 1933, Geo. A. Hormel & Co. in Austin, Minnesota, began weighing 
the wholesale cuts from each lot separately and paying for an entire lot based upon these 
weights. This, too, was slower and more time consuming and cost the company roughly 50 
cents per hundred pounds of live weight (Engelman and Dowell, 1949). 
Since total carcass separation was too costly, time consuming, and not very practical, 
researchers began looking for simple, objective carcass measures with which to determine 
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carcass value. Carcass grades at that time were based on words like "long" and "plump" 
instead of inches and pounds (Shepherd et al., 1940). Subjective scores and grades left too 
much room for error and too many differences between packers when quoting prices. 
Accurate estimators of carcass leanness and their relation to carcass value were needed in 
order to move away from the inaccuracies of live weight pricing. 
Hogs have been purchased on the basis of carcass weight and grade ( estimator of 
leanness) in Canada and many countries in Europe since the 1930's (Shepherd et al., 1940). 
In 1938, 40 percent of all farmers in Canada marketed hogs based on some type of carcass 
value system. Raikes et al. (1973) said all hogs in Canada during the early 1970's were 
purchased on a grade and weight basis. In 1931, the British switched from by the head 
pricing to a carcass grade and weight system, skipping the live weight system all together 
(Shepherd et al., 1940). 
In order for a carcass measure to be considered as an accurate estimator of leanness 
and used in the commercial packing plant, it must be measured objectively and quickly, and 
relate to carcass value. Some problems in the commercial packing plant setting must be 
overcome before implementing any type of carcass merit pricing. Shepherd et al. (1940) 
explained that six problems arose when attempting to price hogs based on the carcass: 
tracking individual animal identification, accurate and impartial weighing, accurate and 
impartial grading, timely payment, costs, and condemnations. Each of these problems was 
addressed and relatively simple solutions were recommended. If these problems could be 
solved, carcass pricing could work in the United States. 
Several different carcass measures were used in trying to determine an accurate 
method to purchase hog carcasses. Dowell and Engelman ( 1949) performed carcass 
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dissection on 695 carcasses and developed what they termed as a "Lean Index" (LI), or the 
total percent of the carcass made up of the four lean cuts of picnic, butt, loin, and ham, plus 
the lean trimmings and belly. They found that average backfat (BF) measured over the first 
and last ribs along with the last lumbar vertebrae showed a high negative correlation to LI (r 
= -0.86). Average backfat also makes up 74 percent of the variation in LI. Several more 
steps were needed before this information could be used in a pricing method. At a given LI, 
BF increased as carcass weight (CW) increased, but at a decreasing rate. This information 
was used to compute an expected LI for any BF and CW. Next, it was found that each of the 
components of the hog carcass also varied with carcass weight. Each component was 
regressed on the LI and an equation developed. By pricing each component for a given LI, a 
pork carcass could be priced by its BF and CW. 
Wiley et al. (1951) performed similar analysis from data in Indiana. Using 708 pork 
carcasses, percentage of lean cuts (hams, loins, butts, and picnics) were found to be 
correlated with BF and CW as well. The percent of lean cuts showed a decrease with an 
increase in BF, but the value decrease was partly offset by the increase in percent of belly (a 
high value, low lean cut). Dressing percentage or carcass yield was also found to be 
correlated to percent lean cuts and ultimately, carcass cutout value. This study concluded a 
grid pricing system could be possible given BF and CW. 
Live and carcass measures from 1002 hogs in 1970 revealed even more information 
regarding carcass based pricing (Pearson et al., 1970). It was not surprising to find that the 
weight of the primal cuts and lean cuts were highly correlated with carcass value (r = 0.96 
and 0.92, respectively). One major finding involved the measure of BF, which in previous 
studies had been an average of three measurements. Pearson et al. (1970) found backfat 
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measured at the last rib (LRBF) had only a slightly lower correlation with carcass value than 
did the average backfat measure. Thus, a single backfat measure could be used instead of an 
average, which would be more practical in a commercial packing plant. A combination of 
LRBF and CW could be used to purchase hogs and relay carcass differences back to the 
producer. 
Few packers used this information in their pricing methods over the next twenty 
years, which was one of the main inhibitors of the production of very lean and muscular pigs 
(Topel, 1986). Some producers were reducing total fat in the market hogs they produced, but 
most didn't think the price incentives were enough to continue the improvement (Hayenga et 
al., 1985). According to Ikerd and Cramer (1970), only about three percent of all hogs in the 
United States were sold on a carcass merit or grade and weight system. They also stated that 
BF and CW were accurate indicators of carcass value and could be measured objectively, 
grouped incrementally, and priced accordingly. Hayenga et al. (1985) found that only ten to 
twelve percent of producers sold hogs on a carcass merit basis. 
Alschwede (1983) asked a fundamental question, "Is Grade and Yield Obsolete?" He 
said yes, in a sense. Comparing two different carcass based pricing methods, he found that 
the one that was currently in place was out dated. The premium and discount schedule had 
not changed with the change in pork prices. The overall idea of grade and yield buying was 
not dead as packers were still paying approximately the same for a given day's kill whether 
by live or carcass price. However, the premium and discount schedule needed to be 
revamped to more closely resemble the differences in the hog population and prices paid by 
wholesalers and retailers. 
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Grisdale et al. (1984) used 174 hog carcasses to develop carcass pricing guidelines. 
They found a strong correlation between carcass value and CW, 10th rib backfat, and weight 
of the four lean cuts (r = 0.78, -0.79, and 0.76, respectively). These variables could be used 
to price pork carcasses differing in muscle and fat composition. By differentiating between 
compositional differences in pork carcasses, and paying for that difference, packers could 
distribute the money paid for hogs more evenly relative to their carcass value. This would 
force producers to produce leaner hogs with more muscle and make pork more competitive 
when compared to other meat products. 
Brorsen et al. ( 1998) states that in 1988, 28 percent of producers sold their hogs based 
on some form of carcass basis. That number ballooned to 78 percent in 1997. Most of the 
hogs which were not purchased on a carcass basis directly were purchased on an adjusted 
live weight system. A producer's quoted price was based on previous loads of hogs sold. 
Grade and yield information on these previous loads was kept and a producer was essentially 
paid a price for a load delivered today based on the load(s) they sold last week (Jekanowski 
et al., 1995). 
McKissick ( 1998) evaluated 10 different packer buying programs. These packers 
accounted for almost 75 percent of the hogs killed in the United States. He found the base 
price quoted by the packer was more important than the premium/discount schedule in 
determining carcass value. Seven of the packers used an optical probe to measure backfat 
and muscle depth to estimate lean percentage. One had different premiums and discounts for 
both backfat and muscle depth. The other two used a steel ruler to measure LRBF. Lean 
percentages where premiums/discounts were applied ranged from 47 to 52.5%. Optimal 
carcass weights were in a window from 172 to 200 pounds. He found that premiums tended 
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to be the same within a packer buying system, but premiums/discounts were applied at 
different levels. Carcasses tended to rank the same on an average ( of the ten programs) 
program as they did on any one individual program. 
Live weight pricing has been the basis for price discovery over the last century. 
Smith (2001) states that the cash hog market will be gone in two years. Also, the most 
critical point of price discovery is between the producer and the first point of sale, normally 
the packer (Grisdale et al., 1984). With this primary source of price discovery in jeopardy, 
new pricing systems have been studied. 
The National Pork Producers Council asked the industry in 1987 to look into the 
possibilities of developing a pricing system based on pounds of lean (NPPC, 1987). Brorsen 
et al. (1998) investigated two different possibilities. Instead of penalizing producers for 
producing excess fat and too little lean, he proposed a pricing system whereby each 
component is given a price (less processing cost). One system consisted of the components 
of lean, fat, and by-products. The other consisted of ham lean, loin lean, other lean, external 
fat, trimmable fat, and by-products. By paying for the entire weight of the hog based on its 
components instead of applying discounts, more farmers should be willing to participate. 
Another advantage would be the increase in accuracy of pricing. Packers are paid based on 
the weight of wholesale or retail products (bone-in primals, or boneless hams, loins, 
shoulders), not the amount of backfat or loin depth. In addition, these components are priced 
differently according to weight (Boland, 1998). 
Brorsen et al. (1998) also looked at the state of component pricing in other industries. 
Dairy farmers are paid for the amount of protein and fat in their milk, which has raised the 
quality of the end product. Butter, eggs, and soybeans have been priced in a similar manner. 
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This type of pricing could prove valuable in the future with "identity preserved" products 
becoming popular. 
With all of the technological advances in the pork processing sector, whole primal cut 
weights and even boneless muscle weights can be estimated with some accuracy. The next 
step is to select hogs based on these estimates of muscle weights and ultimately, price pork 
carcasses based on them. In the end, producers, packers, processors, and consumers will all 
be much better off. 
Estimates of Carcass Composition 
Linear Carcass Measures 
Carcass weight and a measure of backfat and/ or muscle depth has become the 
preferred way to procure hogs over the last decade (McKissick, 1998). With this change in 
procurement away from live weight pricing, packers and processors have needed fast, 
accurate and reliable measures with which to estimate carcass composition. The most 
accurate measure of carcass composition is the complete dissection of a whole carcass into 
the components of muscle, fat, and bone. This, however, is much too costly in terms of both 
time and devaluation of the primal cuts. 
The need for accurate estimates of carcass composition came from the possibility of 
purchasing market hogs based on some type of composition estimate as opposed to live 
weight (Wiley et al., 1951). Until recently, most research done in this area was done strictly 
for information purposes, as carcass grade and weight procurement of hogs in the United 
States did not begin to flourish until the 1990' s. 
The use of sample joint (primal) dissection was first investigated in the 1930's 
(McMeekan, 1941 ). Taking a random sample of certain primals from a lot of pigs is very 
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time consuming and costly. Other more efficient and less costly measures needed to be 
found. Sample joint dissection has been revisited several times but has still been found to be 
too expensive, laborious, and destructive (Swensen et al., 1998; Planella and Cook, 1991; 
Kempster and Evans, 1981; Evans and Kempster, 1979; Cuthbertson et al., 1968; Adam and 
Smith, 1966). However, studies have consistently shown that dissection of any primal cut is 
a more accurate estimate of carcass lean content than any linear carcass measure. Swensen et 
al. ( 1998) found the loin to be the most accurate estimator of both dissectable lean and fat-
free lean (R2 = 0.90 and 0.89). 
In order to accurately assess carcass grade or composition one must use objective 
measures. Subjective terms such as long or plump had to be replaced with measures 
recorded in inches or pounds. The first carcass measures investigated dealt with degree of 
finish or backfat thickness. Backfat thickness could be measured objectively and used to 
accurately grade hog carcasses (Wiley et al., 1951). Carcass weight or weight of the hog 
carcass after evisceration was also investigated. According to Callow (1948), the meat yield 
of a carcass is directly proportional to the carcass weight and inversely proportional to the 
fatness of the carcass. 
Dowell and Engelman ( 1949) studied 695 carcasses from Geo. A. Hormel to 
determine how different carcass measures influenced the amount of lean meat in a carcass. 
An Index of Lean (Il.,) was developed which incorporated the four lean cuts (ham, loin, 
picnic, Boston butt) plus the belly and lean trimmings into a percentage of the total carcass. 
An objective measure was needed to calculate an expected IL before the carcass was taken to 
the cutting room. The correlation between average backfat and IL was found to be -0.86. 
Regression analysis showed that the IL changed more quickly with a change in backfat at 
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lighter carcass weights. A carcass grading system was proposed to incorporate both backf at 
thickness and carcass weight to yield an expected IL. This study also found that at a higher 
IL, the four lean cuts and lean trimmings made up a higher percentage of that IL. 
Wiley et al. ( 1951) used 708 hog carcasses from a packing plant in Indiana selected to 
encompass a wide range of weight classes from 85 to 225 pounds of carcass weight. 
Carcasses were also selected to represent a wide range of backfat thickness within each 10-
pound weight class. Each carcass was then separated into the skinned components of ham, 
picnic, loin, and belly (lean cuts). This study concluded that average backfat thickness was 
more important than carcass weight as a predictor of the four lean cuts. 
Studying a group of 250 Large White and Landrace pigs, Buck et al. ( 1962) stated 
that the percentage of lean meat in a carcass was the most important factor in carcass 
evaluation. Mid-line carcass measures of backfat at the last rib were found to explain less 
variation than did off-midline measures at the last rib. Mid-line backfat at the minimum loin 
depth was the single best split carcass predictor of lean meat percent. Mid-line measures 
would prove more practical for commercial grading than would ribbed carcass measures. 
However, for research purposes, ribbed carcass measures of loin muscle area, loin muscle 
depth, and off-midline backfat at the last rib could be used for calculating a total carcass 
index of lean and fat. 
Cuthbertson et al. ( 1968) investigated the possibility of including subjective muscling 
and fatness scores to enhance the predictive ability of objective muscling and fatness 
measures. They found that none of the subjective scores correlated significantly with the 
percent of lean meat in the side, which was dissected into muscle, fat, and bone. They also 
found that last rib fat measures half way across the loin muscle and at the end of the loin 
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muscle along with muscle area were the best non-dissection predictors of carcass lean 
content. Correlations of the two last rib backfat measures and loin muscle are with carcass 
lean content were -0.70, -0.67, and 0.55, respectively. Lean content of any of the three 
dissected primal cuts was more highly correlated with lean percentage (ham, 0.85; loin, 0.94; 
and shoulder, 0.89) but more costly and invasive than the fat and muscle measures at the last 
rib. 
Cross et al. ( 1970) studied 42 hog carcasses to determine how different linear 
measures on the carcass were associated with carcass lean, fat, and bone ratios. Carcass 
weight was found to be significantly correlated with percent bone in the carcass only while 
backfat measures at the first and last rib and the last lumbar vertebrae were highly correlated 
with percent fat, lean, bone, and four lean cuts. The correlations ranged from 0.57 to 0.74 for 
percent fat and from -0.44 to -0.83 for lean percentages. 
This research led to another study by Cross et al. (1973) in which 152 pork carcasses 
were used to develop prediction equations and 164 were used to test the validity of these 
equations in addition to other equations from previous research. Loin muscle area at the last 
rib and 10th rib backfat were the most highly correlated linear measures with percent four 
lean cuts (r = 0.59 and -0.88). The best equations for predicting percent lean cuts included 
last rib backfat and loin muscle area at the last rib (R2 = 0.81) and another with average 
backfat, 10th rib backfat, and 10th rib loin muscle area (R2 = 0.81). The 13 equations from 
this study and 11 from previous studies were used to predict percent four lean cuts from the 
carcasses in this study. The correlations between predicted and actual values were high for 
all 24 equations and ranged from 0.77 to 0.89. The most highly correlated values came from 
the two equations previously mentioned and three from Smith and Carpenter (1973) which 
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included carcass weight, carcass length, average backfat thickness, 10th rib loin muscle area, 
and 10th rib backfat. 
The previous equations worked well in a research setting, but none had been 
developed for a commercial carcass grading system (Cross et al., 1975). They used 403 pork 
carasses to develop prediction equations for use in a commercial packing plant setting. They 
found fat depth at both the 10th and last ribs to be most highly correlated with percent 
trimmed four lean cuts, defatted four lean cuts, boneless four lean cuts and total muscle in the 
four lean cuts and ranged from -0.90 to -0.92. Prediction equations were developed to 
predict each of these endpoints. The most accurate estimations included either carcass 
weight or carcass length, a measure of fat (average, 10th rib or last rib) and a measure of 
muscle (loin muscle area or depth at the 10th rib). 
One-thousand sixty carcasses from nine genotypes, two sexes, two feeding regimes, 
and three slaughter weights ( 61, 91, and 118 kg) were studied by Evans and Kempster ( 1979) 
to evaluate different predictors of carcass lean. They determined that the dissection of the 
ham was the best compromise of both cost and accuracy of prediction (R2 = 0.92, R. S. D. = 
1.25% ). Last rib fat measurement (P2) was the most precise single predictor of carcass lean 
content, but the log of P2 had more stable regression coefficients and was more accurate 
across a wider variety of pigs. A conclusion on which predictor should be used was not 
given, but the advice that a predictor be selected based upon precision, practicality, and 
product differentiation was mentioned. A visual muscle shape score (1-5) was found to have 
no relationship with fat content or lean-to-fat ratio (Kempster and Evans, 1981; Evans and 
Kempster, 1979). Carcass length added little predictive ability to the carcass weight and P2 
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measures but was included due to the unacceptability of short carcasses in some specialty 
markets. 
Edwards et al. (1981) dissected 359 carcasses encompassing a wide range of backfat 
thickness to test the relationship between simple linear measures and both weight and percent 
of lean in the four lean cuts. The correlations of carcass weight, carcass length, 10th rib 
backfat, tenth rib loin muscle area, USDA muscling score, average backfat, blade end seam 
fat score, and sirloin end seam fat score with percent and weight of lean in the four lean cuts 
varied across backfat groups. Correlations for the fat measures ranged from -0.02 to -0.88 
and from 0.44 to 0.84 for the muscle measures. Carcass length was lowly correlated with 
percent of lean (0.03 to 0.36) but more highly correlated with weight of lean (0.46 to 0.67). 
Carcass weight was highly correlated with weight of lean in the four lean cuts (0.62 to 0.86). 
Grisdale et al. (1984) studied 185 market hogs varying in weight from 91 to 132 kg 
live weight to determine which carcass measures were important when predicting percent and 
weight of Fat-Standardized Lean (FSL). Hot carcass weight, 10th rib loin muscle area, 
carcass length, and width of the ham were the linear measures which were most highly 
correlated with weight of FSL in the carcass (r = 0.86, 0.73, 0.69, and 0.73, respectively). 
Tenth rib off-midline backfat, last lumbar vertebrae midline backfat, average backfat, and 
last rib midline backfat were the traits most highly correlated to percent of FSL in the carcass 
(r = -0.80, -0.70, -0.71, and -0.68, respectively). The best prediction equation included hot 
carcass weight, 10th rib backfat, and 10th rib loin muscle area to predict weight of FSL (R2 = 
0.88, R. S. D. = 2.24%). 
Fahey et al. ( 1977) studied different methods for estimating carcass composition and 
developed new regression equations for prediction of percent and weight of Fat-free muscle 
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(FFM). They comparing methods in practice at the time and developed new methods of 
prediction to reduce both cost and time. Forty-one barrow carcasses were selected based on 
USDA muscling score and were to be representative of the industry population. The 
measures of ham-loin index, percent ham muscle, percent four lean cuts, percent ham and 
loin, and pounds of muscle were low to moderately correlated with percent FFM (r = 0.35, 
0.65, 0.62, 0.57, and 0.61, respectively). Backfat measured off-midline at the tenth rib and 
midline measures at the last rib and last lumbar vertebrae were similarly correlated with 
percent FFM (r = -0.71, -0.60, and -0.48, respectively). Loin muscle area at the tenth rib was 
also highly correlated (r = 0.66) with FFM. 
Regression equations were also developed from this study. When predicting percent 
of FFM, the equation containing 10th rib loin muscle area and off-midline 10th rib backfat 
was the best (R2 = 0.68, SE= 2.0% ). Adding the percentage of skinned, defatted ham did not 
improve predictive ability. For predicting weight of FFM, the equation including carcass 
weight, 10th rib loin muscle area, and off-midline 10th rib backfat was the best predictor (R2 = 
0.83, SE= 3.2 lb). These equations showed that accurate estimates of carcass composition 
could be made in a research or carcass contest setting. 
Powell et al. (1983) studied 52 pork carcasses to try to improve upon Fahey' s 
equations from 1977. This study developed equations to predict percent fat-standardized 
lean ( 10% fat) and fat-free muscle weight. The best equations for prediction of these two 
end-points included hot carcass weight, 10th rib loin muscle area, and 10th rib off-midline 
backfat (R2 = 0.92 and 0.84). Tenth rib backfat was the best single predictor of fat-
standardized lean and loin muscle area was the best predictor for fat-free muscle. The 
authors noted that the combination of 10th rib backfat and carcass weight were used to predict 
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the yield of trimmed product in the Ontario Canada Index System with relatively good 
accuracy (R2 = 0.73). The use of loin muscle area as a predictor of composition would face 
heavy opposition from packers, so this paper concluded a measure of loin muscle depth from 
intact carcasses needed to be investigated to classify carcasses. 
Siemens et al. ( 1989) studied 265 market hogs slaughtered at five different weights 
ranging from 93 to 127 kg to develop equations to predict both composition and value. 
Percentage of four trimmed cuts was closely correlated with average backfat thickness, 10th 
and last rib backfat, and USDA carcass grade. The best equation to predict percentage of 
four trimmed cuts included 10th rib backfat and loin muscle area, average backfat, and sex 
(R2 = 0.73). When predicting fat-standardized lean containing 10% fat, 10th rib backfat and 
loin muscle area, along with belly thickness, gave the best results. 
Orcutt et al. (1990) conducted a study with 361 pigs ranging from 82 to 133 kg live 
weight. They stated with the increase in average live hog weight of 0.9 kg per year, the 
equations developed by Fahey in 1977 were no longer applicable to the new genetic types in 
the industry. Of the linear measures investigated, chilled carcass weight, loin muscle area at 
the 10th and last ribs, and 10th rib muscle depth were the most highly correlated with weight 
of dissectable lean in the carcass (r = 0.64, 0.75, 0.76, and 0.53, repsectively). However, 10th 
rib off-midline backfat was the most highly correlated (r = -0.84) with percent dissectable 
lean. In terms of correlation with weight of lean standardized to 10% fat (FSL), the area of 
the loin muscle at the 10th and last ribs were highest, r = 0.73 and 0.75, respectively, while 
10th rib backfat was the most highly correlated with percent of FSL (r = -0.82). The best 
three-variable model for predicting FSL contained chilled carcass weight, 10th rib backfat, 
and last rib loin muscle area (R2 = 0.84, RMSE = 1.93 kg). 
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Mechanical Carcass Measures 
Technology has dictated how pork carcasses are evaluated. One new piece of 
technology in use today is an Optical Grading Probe (OGP). An OGP works on the basic 
premise that fat reflects more light than lean. Most OGP' s consist of a stainless steel probe, 
which is inserted into the pork carcass. During insertion, the probe emits infrared light and a 
sensor in the probe distinguishes the reflectance differences between fat and lean. From 
these differences, fat and muscle depth can be determined. OGP' s have been used because 
they can give accurate, consistent, and timely estimates of carcass composition at a low cost 
to the packer. However, the use of this technology is subject to operator error and is only a 
single measurement taken over the loin (NPPC, 2000). 
Before the use of any OGP could be accepted by the pork industry, they had to be 
tested for accuracy and consistency. Fortin et al. ( 1984) stated that the use of the steel ruler 
to measure backfat on split carcasses had become a limitation to efficiency in packing plants. 
This study compared the relative accuracy of both the Hennessy Grading Probe (HGP) 
(Hennessy and Chong, Ltd, Auckland, New Zealand) and the Danish Fat-0-Meater (FOM) 
(SFK Ltd, Hvidovre, Denmark). These two machines measure both fat and muscle depth and 
record them automatically, thereby enhancing packing plant efficiency. Two hundred 
twenty-four pork carcasses ranging from 58.5 to 94.5 kg were probed with both machines at 
the last rib (LR) and third or fourth from the last rib (3/4). Carcasses were found to be fatter 
at the 3/4 position with a deeper loin measured at the LR. Both probes were relatively 
accurate in measuring fat thickness at either location (RSD = 2.58 to 2.74 mm). 
Kempster et al. ( 1985) went one step further and evaluated the same two probes for 
accuracy of predicting carcass lean content. One hundred thirty pork carcasses were probed 
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with both machines and dissected into component parts. These researchers found the FOM 
was a better predictor of carcass lean content using a regression equation that included 
carcass weight, 3/4 fat, and 3/4 muscle depths (RSD = 29 .1 g/kg). Including LR fat depth in 
the equation for the FOM made little improvement. Adding LR fat depth to the same three 
variable equation for the HGP did increase the accuracy of prediction (RSD = 33.2 vs 35.9 
g/kg) for the three-variable model. This difference was not great enough to discount the use 
of the HGP. 
The previous two studies used two different optical probes to measure fat and muscle 
depths at two different locations, and found the 3/4 position to be the most desirable. 
However, this disagrees with the findings of Diestre and Kempster (1985). This study 
evaluated 1002 pigs at three slaughter weights, 61, 91, and 118 kg. Fat thickness was 
measured on the centerline at the shoulder, last rib (P2), and over the gluteus medius with 
calipers and off-midline at the P2 with an optical probe. Longissimus muscle depth was also 
measured with the optical probe. This P2 fat measure is the measurement by which carcasses 
are classified by the Meat and Livestock Commission. Fat and muscle thickness were also 
measured on the ribbed carcass at the P2 location. Fat thickness at the P2 site was the best 
single predictor of carcass composition for intact or center-split carcasses. The best 
prediction of carcass lean content included the traits of carcass weight, P2 fat thickness, and 
P2 muscle depth. 
Sather et al. ( 1989) included the Destron PG-100 machine with the two machines 
mentioned previously and investigated the accuracy of these optical probes, even with the 
differing genetic types and weights of the time. One hundred sixty-three carcasses from four 
genotypes and four weights ranging from 73 to 104 kg were measured with all three probes at 
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the 3/4 and LR sites. The accuracy of all three probes was relatively good when predicting 
lean yield (R2 = 0.57 to 0.67). The conclusion from this study indicates the equations 
designed from the optical probes are robust, even with heavier pork carcasses, but need to be 
updated from time to time as genetics and carcass weights change. 
Berg et al. (1999) used 200 carcasses representing all four USDA carcass grades to 
investigate the use of a Hennessy Grading Probe in today's high-speed packing plant. The 
carcasses were probed before and after a 24-hour chill at the last rib and 3/4 site. One side 
was then dissected into closely trimmed (three trim levels- 0.64, 0.32 and O cm of 
subcutaneous fat) primal and boneless subprimal cuts. The linear carcass measures of 10th 
rib backfat and loin muscle area were completed during dissection. The fat and muscle 
depths at the 3/4 site from the OGP measured prerigor were accurate predictors of boneless 
lean, percent boneless lean and percent fat-free lean (R2 = 0.61, 0.62 and 0.64, respectively) 
at all three trim levels. Last rib measures on the chilled carcass were more accurate than at 
the 3/4 site measured at the same time. All chilled 3/4 site measures had an R2 less than 0.45. 
The 10th rib backfat and loin muscle area measures were even more accurate than those made 
with the OGP, but did require ribbing the carcass. 
Garrett et al. ( 1992) investigated the use of the Hennessy Grading Probe as a way to 
estimate composition of sheep carcasses. A total of 278 carcasses were selected and probed 
off-midline between the 12th and 13th ribs. After a 24-hour chill, USDA quality and yield 
grades were assigned and each carcass was probed a second time in the same location. One 
hundred sixty-five carcasses were dissected into wholesale cuts with 0.64 cm external fat and 
113 were dissected into retail cuts with 0.25 cm external fat. The correlation between the fat 
measured via the probe on the hot carcass and cold carcass was high (r = 0.78). The best 
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wholesale cut prediction equation included the chilled fat depth measured with the HGP, 
percent kidney and pelvic fat, and carcass weight. The equation for the prediction of retail 
cuts was more accurate than for wholesale cuts (R2 = 0.67 vs 0.52). This best equation 
included fat thickness measured via the probe on the hot carcass, percent kidney and pelvic 
fat, leg conformation score, and carcass weight. This study showed the ability of the HGP to 
predict wholesale and retail product weights from sheep on either a hot or chilled carcass. 
Berg et al. (1997) investigated several different methods to estimate carcass 
composition in sheep. One of the methods was the HGP. The carcasses (n = 106) were 
probed prior to chilling at two sites (3 cm and 6 cm off-midline) between the 12th and 13th 
ribs. Linear measures of fat depth and ribeye area were also measured after chilling. The 
opposite side of each carcass was probed again after chilling. Carcasses were then dissected 
into primal and boneless cuts. The weight of boneless lean, total dissected lean weight, and 
chemical fat-free lean, and carcass percentages of each were determined. The total depth of 
tissue (fat and lean) on prerigor carcasses 6 cm off-midline was the most highly correlated (r 
= 0.63) trait with weight of boneless lean. The fat depth at both sites in the warm carcass 
were less highly correlated (r < 0.50) with each of the lean traits measured. In the chilled 
carcass, the muscle depth 6 cm off-midline was highly correlated with weight of boneless 
lean (r = 0.63) and with total dissected lean (r = 0.59). Fat depth 6 cm off-midline was more 
highly correlated with the percentage measures than the weight measures. Ribeye area 
showed the exact opposite relationship, being more highly correlated with weight measures 
than with percentage measures. 
Electromagnetic scanning (EM) of carcasses has also been investigated as a method 
to predict pork carcass composition. The Total Body Conductivity (ToBEC) (Meat Quality 
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Inc., Springfield, IL) machine is used to measure composition of the carcass or primal cuts. 
The entire carcass or primal cut is placed on a belt and moved through a tube. The 
electromagnetic energy change caused by the occupation of the tube is displayed as a normal 
curve and the peak of that curve or the area under it can be used to predict lean weight in a 
given sample. With EM scanning, entire carcasses or primal cuts can be measured rapidly, 
hot or cold, with no operator and little maintenance. However, carcasses must be removed 
from the packing plant rail in order to be evaluated (NPPC, 2000). 
Akridge (1992) stated that EM could more accurately predict wholesale and lean 
boneless value when compared with ultrasound, OGP, or 10th rib linear measures. Berg et al. 
( 1994) studied 98 pork carcasses from two different slaughter facilities. Carcasses were 
measured with an EM scanner and dissected into component cuts. Typical linear carcass 
measures were also taken. Loin muscle area and backfat at the 10th rib were moderate to 
highly correlated with the total lean in the carcass, ham, loin, and shoulder. 
Regression equations were developed from these linear measures and from the 
information measured by the EM scanner. The best equation developed from Group A (n = 
48) included the chilled carcass weight, carcass length, difference in height at 5% and 27.5% 
of the scan curve, and carcass temperature (R2 = 0.83, RMSE = 1.80 kg). Group B (n = 50) 
equations were slightly more accurate. The best predictive equation from this group included 
hot carcass weight, the peak height of the phase absorption curve, and the height differences 
at O and 17.5% of the scan curve (R2 = 0.90, RMSE = 1.59 kg). This study showed the 
ability of the ToBEC scanning machine to accurately predict carcass composition and allow 
for proper sorting of intact carcasses. 
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From Berg et al. ( 1997), EM scanning results from a sheep study were published. 
Hot carcass weight was found to be highly correlated with the weight measures of boneless 
lean, dissectable lean and fat-free lean (r = 0.92, 0.77 and 0.72, respectively). On both 
prerigor and chilled carcasses, ToBEC measures were more highly associated with weight 
measures than with percent measures (r = 0.65 to 0.93 for weights and 0.10 to 0.45 for 
percentages). 
Live Animal and Carcass Ultrasound 
All of the previous measurement devices have proven useful in estimating carcass 
composition from a carcass, but animal breeders need accurate estimates of carcass 
composition from live animals in order to make significant improvements in the carcass 
merit of livestock. The metal backfat probe was the first attempt to measure backfat on a live 
pig (Hazel and Kline, 1952). After making a small incision in the skin of a live pig, the 
probe was inserted and pushed through the fat layer until it encountered the underlying 
muscle. According to Hazel and Kline ( 1952), the correlations between carcass backfat 
measures and live animal measures were quite high (r > 0.59). This study showed that the 
metal ruler could have significant impact upon the selection for reduced backfat in pigs. 
Several other researchers (Anderson and Wahlstrom, 1969; Price et al., 1960; Hetzer et al., 
1956) studied the use of the metal probe as a way to estimate carcass composition from the 
live animal and found similar results. 
Ultrasound techniques have also been investigated as a way to estimate composition 
from live animals. When using ultrasound to measure live animals (or carcasses), a sound 
wave is sent out from a transducer head mounted to an ultrasound machine. When the sound 
waves hit a surface in the pig, the waves are reflected back to the transducer. The underlying 
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principle for ultrasound evaluation is the fact that muscle, fat, and bone all have different 
reflection properties. Therefore, levels of fat and muscle can be differentiated and measured. 
According to Wilson (1992), economic incentives need to be introduced for the production of 
animals with higher carcass merit (which was shown in the previous section) and the 
estimates of carcass composition must be "cost-effective and accurate." Ultrasound has been 
found to meet both of these goals, far better than the metal ruler. 
Hazel and Kline ( 1959) first looked at ultrasound as a way to improve upon the 
accuracy of the metal probe. A Kelvin and Hughes Mark V flaw detector was used to make 
ultrasound measurements on 56 hogs at the shoulder, middle of the back, and end of the loin. 
A metal probe was used to measure the fat depth at these same positions on the live animal 
and the hanging carcass. Fat probe measures on the live animal were more highly correlated 
with the carcass measures than were the ultrasound measurements, but not significantly. 
Both types of live animal measures were highly correlated with percent lean cuts in the 
carcass, with correlations ranging from -0.76 to -0.90. 
Stouffer et al. ( 1961) concluded that prior research had begun to investigate 
ultrasound as a viable option in measuring carcass composition. Ultrasound had been tested 
and found to be of practical benefit to producers in measuring fat depth in live pigs. Hogs (n 
= 42) were probed with a Reflectoscope over the 12th rib at several different angles. Fat 
depth and loin muscle area, depth, and length were measured on both the live animal and the 
carcass. All four ultrasonic measures were highly correlated with their corresponding carcass 
measure (r = 0.92, 0.70, 0.47, and 0.68, respectively). This study also tested the repeatability 
of these measures. Fat depth and loin muscle area were measured twice on two different 
groups of hogs. Correlations were quite high between the repeated measures (r = 0.95 and 
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0.84, respectively for the first group and r = 0.67 and 0.89, respectively for the second). This 
study concluded the scanning and interpretation technique needed to be refined in order to 
improve the use of ultrasonic equipment. 
To investigate the accuracy of the RENCO Lean Meater, Adams et al. (1972) 
measured and averaged the ultrasonic fat depth off-midline over the shoulder, last rib, and 
ham, and also on-midline at the first rib, last rib, and last lumbar vertebrae on 476 
Hampshire-sired barrows and gilts. These measures were compared to the corresponding 
measures in the hanging carcass. Percent lean cuts in the carcass was also determined. 
Phenotypic correlations were calculated on a within year, season and sex basis. 
The correlation between average ultrasonic backfat at all locations and average 
carcass backfat was 0.58. Ultrasonic measures over the last rib and ham were more highly 
correlated with their corresponding carcass measures. All backfat measures, whether 
ultrasonic or carcass, were more highly correlated with percent of lean cuts than with weight 
of lean, while loin muscle area showed the opposite relationship. This was in close 
agreement with previous studies. 
Kempster et al. ( 1979) tested the ability of four different ultrasound machines to . 
predict percent lean in the carcass using a simple linear regression analysis on data obtained 
from three different sets of hogs. The Sonatest (A-Mode) and Scanogram (linear scanner) 
were used to collect ultrasonic backfat depth and loin muscle area (Scanogram) or loin depth 
(Sonatest) from 143 pigs prior to slaughter. The use of an equation which included backfat 
depth and liveweight yielded an RSD of less than 3% for both machines. The addition of a 
loin muscle measurement added little to the predictive ability. The ILIS Observer (linear 
scanner) and Scanogram were tested on a group of 38 pigs and were found to predict percent 
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lean as well with only one fat measurement when compared to equations with more than one 
ultrasonic measure. The Danscanner (real-time scanner) and Scangram were evaluated using 
data from 27 pigs and found to have an RSD of 0.20 and 0.22%, respectively, when used to 
predict percent lean. 
In order to further the knowledge of the differences between ultrasound machines, 
Alliston et al. (1982) used Sonatest, Scanogram, and Danscanner machines on 39 hogs to test 
each machine's ability to predict carcass percent lean. Each machine was evaluated on a 
within line basis at a constant live weight. The Sonatest was found to best predict percent 
lean in the carcass with a single backfat measurement in the equation. Adding loin 
measurements to the equation added no predictive ability. 
Mersmann (1982a) scanned two groups of Yorkshire hogs (n = 25 and n = 38) to 
evaluate the ability of the Scanogram Model 722 to estimate backfat depth and loin muscle 
area in live hogs. Backfat was measured on the live animal at points 1/ 5, 1/ 2, 3/ 4 along the 
length of the live animal while carcass fat measures were taken at the first rib, last rib and 
last lumbar vertebrae. Loin muscle area and backfat depth were measured at the ½ body 
length site, off-midline which corresponded to the approximate location of the 10th rib 
carcass loin muscle area and fat depth measurements. The backfat measures with the highest 
simple correlations were the off-midline measure at the½ site with 10th rib backfat (r = 0.74 
and 0.91) for each of the groups. Ultrasonic loin muscle area was moderately correlated with 
the corresponding carcass measure (r = 0.51 and 0.47) for the two groups. 
To assess the repeatability of ultrasonic measurements, 15 pigs were scanned three to 
four times with the correlation between any two measures at the same site being quite high (r 
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= 0.72 to 0.97). The most highly repeatable ultrasonic measures were the½ site fat depths 
and loin muscle area. 
Five ultrasound machines were evaluated by Busk ( 1986) for their ability to predict 
percent lean in the carcass as well as for repeatability of ultrasonic measures. The Aloka 
SSD-210X, Danscanner, RENCO Lean Meater LM-7, Scanomatic SM-1 and Krautkramer 
USK-6 were used to measure backfat depth off-midline over the 10th rib, last rib, last lumbar 
vertebrae, and ham. Carcass measures were taken at the same locations. 
Danish Landrace, Yorkshire and Duroc barrows and gilts (n = 133) were scanned 
twice with each machine immediately prior to slaughter. Tenth rib fat depth was the measure 
most highly correlated to its respective carcass measure (r = 0.87 to 0.91). Fat measures at 
the last rib and last lumbar vertebrae had lower correlations (r=0.78 to 0.90 for the last rib 
and 0.67 to 0.73 for the last lumbar vertebrae). Ultrasonic loin depth and loin muscle area 
were moderately correlated (r = 0.51 and 0.60) at both the 10th and last ribs. Loin muscle 
area measured by the Danscanner was highly correlated (r = 0.69 at the 10th rib and 0.78 at 
the last rib) with its corresponding carcass measure. The Aloka SSD-210X gave the best 
equation to predict percent lean cuts from ultrasound measures. The equation included live 
weight, fat depth over the 10th rib, loin, and ham, and last rib loin depth (R2 = 0.76 and S.D. = 
1.22% ). Repeatability was also calculated for all five machines. The repeatability of the 
Aloka SSD-210X, Danscanner, and Krautkramer USK-6 machines for backfat measures 
ranged from 0.86 to 0.98 depending on location and machine. Loin muscle area and loin 
depth had a repeatability of 0.90. 
Forrest et al. ( 1986) evaluated a Technicare 210 DX ultrasound machine by 
measuring fat depth on the midline at the first rib, last rib, and last lumbar vertebrae, as well 
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as the 10th rib measures of off-midline fat depth and loin muscle area on 103 live hogs and 
their hanging carcasses. The carcass ultrasonic measure of loin muscle area was more highly 
correlated with carcass loin muscle area measured on the split loin surface than the live 
animal ultrasonic measure at both the 10th and last ribs (r=0.70 and 0.68 vs. 0.68 and 0.65). 
Carcass ultrasonic backfat was more highly correlated with carcass fat than was the live 
animal measure (r = 0.74 vs 0.71). 
Traditional measures of lean content (percent lean, weight of dissectable lean) were 
also measured. Ultrasonic backfat, both live and carcass, were very highly correlated with 
percent dissected lean (r = -0.81 and -0.82, respectively). As was found by previous 
researchers, this study found loin muscle area at the 10th and last ribs to be more highly 
correlated with weight of lean when compared to the correlation with percent lean. Total 
weight of lean was also predicted from each measurement method. The equation which 
included live weight, backfat, and loin muscle area on the live animal had an R2 = 0.69 while 
the same equation from the carcass ultrasonic and linear measures had more predictive ability 
(R2 = 0.82). 
Kanis et al. ( 1986) investigated the ability of the Krautkramer USK5SF machine to 
accurately predict both weight and percent of lean cuts from two groups of hogs. The 
correlation of backfat with percent of lean cuts ranged from -0.57 to -0.79 depending upon 
location of the ultrasonic scan. No scan site was more highly correlated with estimated lean 
composition than any other. The correlation did increase when any two scan sites were 
averaged. The correlation of any backfat measure with weight of lean cuts was generally low 
and often not different from zero. Prediction equations including live weight and backfat 
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depth ranged in predictive ability, depending on location of ultrasonic measurement (R2 = 
0.50 to 0.68 and RSD = 1.8 to 2.4% ). 
Lopes et al ( 1987) evaluated 98 crossbred hogs from three groups with a Technicare 
21 O DX machine. Fat depths at the 10th and last ribs along with 10th rib loin muscle area 
were measured on the live animal and again on the carcass. The backfat measures were more 
highly correlated with their respective carcass measures than were those for loin muscle area. 
The correlations for backfat ranged from 0.75 to 0.89 depending on location and group. The 
correlations for loin muscle area ranged from 0.27 to 0. 71. 
McLaren et al. (1989) used a Johnson and Johnson 210 DX to evaluate the fat and 
muscle accretion rates of 110 Hampshire-sired barrows and gilts. Hogs were scanned every 
fourteen days from 9 kg to slaughter at 98.5 kg. Ultrasonic measures of backfat depth and 
loin muscle area were taken at the last rib. Carcass measures were taken at the first, 10th, and 
last ribs, and the last lumbar vertebrae. Ultrasonic measurements were found to be highly 
correlated with the corresponding measures in adjacent scan periods, but less highly 
correlated with those scans further away. The correlations between ultrasonic and carcass 
measures of backfat at the last rib, 10th rib, and the average of all fat depths along with loin 
muscle area were 0.55, 0.55, 0.62, and 0.61, respectively. 
To study the effect of ultrasonic measurement location upon predictability of percent 
four lean cuts, Terry et al. ( 1989) evaluated 20 crossbred market hogs with real-time 
ultrasound. Nine fat measurements were taken with a Johnson & Johnson 210 DX machine 
before and after slaughter. All measurements were repeated with a metal ruler post-mortem. 
Six midline fat measures were taken, along with one off-midline at the shoulder and two over 
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the ham. Off-midline 10th rib fat depth and loin muscle area were also measured. One side 
of each carcass was dissected into the components of ham, loin, picnic, and Boston butt. 
Live and carcass ultrasound measures were very close to carcass ruler measures and 
showed similar correlations with percent four lean cuts. Fat measures over the loin muscle 
were more closely associated with percent four lean cuts than were those at the shoulder or 
ham. The-two variable equation including ultrasonically measured loin muscle area and fat 
depth at the anterior tip of the gluteus medius proved to be the best predictor of percent four 
lean cuts (R2 = 0.83 and RSD = 1.67 kg). The single midline fat depth at the first rib was the 
best predictor of percent four lean cuts from carcass measures (R2 = 0.82 and RSD = 1.68 
kg). This study proved that carcass composition could be estimated from live animal 
measures and used by breeders in selection or marketing programs. 
Due to the fact that hogs are hung by their rear feet post mortem, Turlington et al. 
(1990) evaluated 75 crossbred pigs that were either hung by their rear legs or hung in the 
standing position post mortem. Backfat at the first, 10th, and last ribs, and last lumbar 
vertebrae, along with 10th rib loin muscle area were measured with a Technicare 210 DX on 
the live hog. After slaughter, some hogs were hung by their rear legs and some were hung in 
a standing position while linear carcass measures were taken. Hanging carcass backfat and 
loin muscle area measures were greater than those taken either on the live animal or standing 
carcass. However, the ultrasonic measures were still moderately to highly correlated with 
their respective carcass measure, whether hanging or standing. The correlations between 
ultrasonic and carcass measures of ranged from 0.74 to 0.90 for first rib backfat, 0.88 to 0.93 
for 10th rib backfat, and 0.91 to 0.93 for 10th rib loin muscle area. The correlations between 
ultrasonic and carcass measures were 0.83 for the last rib backfat and 0.90 for back.fat at the 
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last lumbar vertebrae. This study showed some of the error associated with live animal 
ultrasound might, in fact, be due to the post-mortem changes in pork muscle and fat. 
Gresham et al. (1992) investigated 120 barrows and gilts in order to develop and 
. validate both live animal and carcass lean prediction equations for use at the commercial 
packing level. Half of these animals were used for model development (Group 1) and half 
for validation (Group 2). A General Electric Dataline scanner was used to take a longitudinal 
image prior to slaughter and in the prerigor carcass. Fat measurements were taken at the first 
rib (FR), last rib (LR), and last lumbar vertebrae (LL V), along with muscle depth (MD) at the 
last rib. The carcass traits of interest were weight of lean cuts (LNCT), total cuts (TOCT), 
and boneless cuts (BNCT), along with the percentage of each related to hot carcass weight. 
Muscle depth measured on the live animal was more highly correlated with the traits 
of interest than was the same measure from the carcass. The most precise equation to predict 
BNCT included live weight and the live animal ultrasound measures of LR and MD (R2 = 
0.88, RSD = 1.62 kg). A second group (n=60) of pigs was used to validate this equation. 
The validation results were R2 = 0. 73 and RSD = 1.48 kg. The equation to predict BNCT 
from carcass ultrasound measures included hot carcass weight, MD, and the carcass LL V (R2 
= 0.92, RSD = 1.35 kg). The results after predicting group 2 were R2 = 0.77 and RSD = 1.36 
kg. This study showed that ultrasound on either the live animal or the hanging carcass could 
be used to predict different component endpoints with similar accuracy. 
Smith et al. (1992) studied the carcass characteristics of 54 Duroc X Hampshire-
Landrace barrows and gilts that were serially scanned with an Aloka 210 DX and slaughtered 
at three weights; 91, 104.5, and 118 kg. Pigs were assigned to off-test groups at 20 kg and 
scanned approximately 8 times prior to slaughter. Ultrasonically measured 10th (UBFlO) and 
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last rib (ULR) fat depth and 10th rib loin muscle area (ULMA) were measured at each scan 
period. These three traits were also measured on the carcass after a 24-hour chill. Ultrasonic 
measures immediately prior to slaughter and carcass measures were highly correlated (r = 
0.80 to 0.91). Percent muscle was estimated using the Boggs and Merkel (1990) equation 
from both live animal ultrasound data and carcass measures. Backfat measures were 
negatively correlated with percent muscle as expected, with carcass BFlO being the highest (r 
= -0.94). The percent muscle calculated from ultrasonic measures was moderately correlated 
(r = 0.62) with the same trait measured from carcass measures. Ultrasonic backfat measures 
were moderately correlated (r = -0.51 to -0.60) with carcass percent muscle, while ULMA 
was very lowly correlated (r = 0.25). 
Aker et al. (1993) evaluated 592 purebred hogs from the Ontario Pork Carcass 
Appraisal Project to investigate how accurately ultrasonic scans could predict carcass lean 
content. Ultrasonic backfat and loin muscle area at the 3rd to 4th rib (3/4) from the posterior 
end were both moderately correlated (r = -0.71 and 0.48, respectively) with carcass lean 
content. Accuracy of prediction was found to be similar across sexes, but varied greatly 
across breeds. The best equation (R2 = 0.87 and RSD = 1.97%) for lean content predictiQn 
included fat and muscle depth along with loin muscle area at the 3/4 site and fat depth over 
the loin. 
Much of the ultrasound research being involved measuring fat and/or muscle depth at 
two or three places on the live animal or carcass (Gresham et al., 1992; Smith et al. 1992; 
Terry et al., 1989; Hazel and Kline, 1959). Gresham et al. (1994) looked at how accurate one 
longitudinal ultrasonic scan could predict weight of lean cuts (LNCT), weight of boneless 
cuts (BNLS), and weight of fat-standardized lean (FSL). A single longitudinal ultrasound 
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scan was taken on 96 barrows and gilts at 108 kg live weight off-midline and centered over 
the 10th rib immediately prior to slaughter. Total fat and muscle depth were measured over 
the 10th rib. 
Correlations between fat depth and muscle depth, BNLS, LNCT, and FSL were very 
low and not significantly different from zero (P < 0.05). Linear regression equations to 
predict BNLS, LNCT and FSL from various live and carcass measures were also compared. 
Results from live ultrasound, carcass ultrasound, and direct carcass measures were very 
similar. However, ultrasound measures from the carcass showed more predictive ability. 
Moeller (1994) studied 1127 purebred market hogs from the National Barrow Show 
Progeny Test to assess the accuracy of ultrasound in predicting carcass characteristics. Using 
an Aloka 500V, backfat measures were taken on the midline at the last rib and last lumbar 
vertebrae and off-midline at the 10th rib. Loin muscle area was also measured at the 10th rib. 
Correlations between ultrasonic measurements and carcass measures were high (r = 0.66, 
0.73, 0.82, and 0.68, respectively for last rib, last lumbar vertebrae, 10th rib backfat, and loin 
muscle area). 
Cisneros et al. ( 1996) studied a group of 80 pigs comprised of both halothane normal 
and carriers at two slaughter weights ( 108 and 148 kg) to investigate the differences between 
cross-sectional and longitudinal ultrasound scans in predicting lean cut yields and fat-free 
lean content in live pigs. Each pig was scanned prior to slaughter with an Aloka 210 DX 
machine. Images (n = 6) were taken on both sides of the pig at the last rib, one perpendicular 
to the vertebral column and one longitudinally both posterior and anterior to the last rib. 
Carcass measures including 10th rib fat depth, loin muscle area, and last rib fat depth, and 
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loin muscle area, depth, and width were recorded from the right side of each carcass. This 
side was then dissected into its component cuts. 
Results showed ultrasonically measured traits were moderately to highly correlated 
with their respective carcass measures. Backfat measures were also found to be more highly 
correlated with lean cut and fat-free lean percentage than with weight of lean cuts and fat-
free lean. Loin muscle area showed an opposite relationship with these traits when compared 
with backfat. Loin muscle depth from longitudinal scans was moderately correlated with all 
four lean traits. When predicting lean cut weight, percent lean cuts, fat-free lean weight, and 
percent fat-free lean, the cross-sectional and longitudinal scan equations had similar R2 and 
RSD values with the exception of the equation using all four longitudinal images, which was 
a slightly better predictor. 
By using ultrasound, which is conducted by a technician who collects and interprets 
images, some technician error could be involved. Sather et al. (1982) studied 186 Lacombe 
hogs to investigate the effect of both machine and technician. Two trained technicians 
operated a Krautkramer USM2 and a Scanoprobe 731A and scanned each pig with each 
machine. The effect of technician was found to be significantly greater than that of the 
machine. 
Sather et al. ( 1986) added the REN CO Lean Meater to the two machines used 
previously and scanned 300 barrows and gilts at four different slaughter weights, 80, 90, 100, 
and 110 kg. Again, two operators scanned each hog with all three machines at three 
locations on the mid-line and two over the loin. Backfat was averaged for each technician 
over all machines and compared to the carcass measures. A significant (P < 0.05) technician 
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by machine interaction existed which was mainly due to the inability of the RENCO to 
accurately detect the third or innermost fat layer. 
Kanis et al. ( 1986) investigated the effect of technician on the ability of the 
Krautkramer USK6 and the RENCO Lean Meater to estimate fat depth at different locations 
on the pig. Ninety-six hogs were scanned off-midline on both sides at four evenly spaced 
locations on the pig. The RENCO consistently showed higher fat depths from both 
technicians. All pairwise interactions between technician, location, machine and side were 
not significant (P < 0.05). 
McLaren et al. ( 1991) reported that the technician explained 35% of the variation in 
the measure of loin muscle area and 1 % of the variation in backfat measures. The most 
accurate data could be obtained by using an experienced technician to interpret images 
collected by others, instead of having technicians interpret their own images. This study also 
noted that the ability to accurately interpret images explained more error than the collection 
of the image itself. 
The use of the correlation between ultrasound and carcass measures did not 
accurately describe how accurate ultrasound was in estimating carcass measures. 
Researchers have reported how close ultrasonic measures are to actual carcass measures and 
how many of the hogs evaluated were within a given range of accuracy. Turlington et al 
( 1990) reported ultrasonic backfat measures were within 3.8 mm of the carcass measures 
86.3% of the time, and ultrasonic loin muscle area measurements were within 1.94 cm2 of the 
carcass value 76% of the time. This study also noted that backfat at the 10th rib was 
underestimated 1 mm by ultrasound. Christian and Moeller ( 1990) reported backf at within 4 
mm 76% of the time and loin muscle area within 6.45 cm2 88% of the time, when ultrasound 
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and carcass measures were compared. Moeller ( 1990) noted backfat was underestimated by 
0.9 to 7 .8 mm, depending on scan location, and loin muscle area was underestimated by 2.3 
cm2• Smith et al. (1992) reported backfat was underestimated by 4.4 mm. 
Ultrasound had been proven to be a useful tool in estimating composition on a live 
animal and carcass in a research setting, but had not been proven for use in a commercial 
application. The Carcass Value Technology (CVT) System was developed by Animal 
Ultrasound Services, Inc (Ithaca, NY) to evaluate pork carcass composition in an industrial 
setting (NPPC, 2000). The ultrasonic principles are the same as for a live animal, only this 
system measures depth of fat and muscle automatically. An operator places the transducer 
on the carcass off-midline and takes a longitudinal scan from the tenth to last rib. Images are 
recorded and a software program interprets the interface between fat and muscle and records 
the measurements. Carcass lean is then determined by methods similar to the live animal 
scan or optical probe. 
The CVT System can work at line speed in the packing plant (-1200 carcasses per 
hour), is non-invasive, and uses average depths of fat and muscle along the entire 
longitudinal image, instead of a single point measurement. However, fatter and/or chilled 
carcasses do pose a problem. It is difficult for ultrasonic waves to penetrate such carcasses. 
Liu and Stouffer ( 1995) investigated how this advanced technology could be 
implemented to predict carcass composition and at what level of accuracy. Three hundred 
twenty-five carcasses were selected at random to encompass the wide range of body types in 
the industry. Carcasses were scanned and fat and muscle depth were measured automatically 
by a computer software program (ABF and AMD, respectively), and eight manual 
measurements were taken from the longitudinal and cross-sectional images. Carcasses were 
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dissected into the four lean cuts and the belly. Weights of interest were loin (L), ham (H), 
picnic (P), and butt (B) as the boneless, trimmed primals, and weight of total lean (TOL) 
(addition of four primals). The belly and spare ribs were added to TOL to give the weight of 
grade lean (GRL), and P and B were summed to give weight of the shoulder (S). The 
percentage of the carcass made up by each component was also calculated. 
Automatically measured fat depth was more highly correlated with percent measures 
than with weight measures while muscle depth showed an inverse relationship. This is 
consistent with previous research. The automatically measured traits were as highly 
correlated and, in some instances, more highly correlated with lean composition measures 
than were the measures taken from the cross-sectional and manually interpreted images. 
Regression equations were developed to predict weight and percentage of L, H, S, TOL, and 
GRL. Equations to predict weight as opposed to percent showed more predictive ability with 
higher R2 and lower RSD values. The best equation (R2 = 0.92 and RSD = 1.09 kg) predicted 
weight of GRL using hot carcass weight and automatically measured fat and muscle depth. 
Equations to predict weight of lean primals (L, H, S) all had similar ability (R2 - 0.77 and 
RSD - 0.55 kg). Equations from the automatic system had equal or more predictive ability 
when compared to the cross-sectional and manually measured systems. 
Another new piece of ultrasonic equipment used to measure pork carcass composition 
in an on-line setting is the Automatic Fat-0-Meater (AUTOFOM) (SFK Technology, Herlev, 
Denmark). The ultrasonic concept is the same as with the CVT, except 16 transducers are 
used instead of one and multiple scans are taken on each carcass. A carcass is pulled through 
a channel and over a U-shaped device in which the transducers are located. Each carcass is 
measured 200 times as it passes over the transducers for a total of 3200 measurements per 
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carcass. The data is stored and used to predict primal cut and lean tissue weights. The 
AUTOFOM has been accepted due to the absence of an operator, speed of measurement, and 
multiple measurement sites per carcass instead of one. The AUTOFOM system is very 
expensive to implement and, like any ultrasonic technology, the AUTOFOM, too, has 
problems penetrating fat and/or chilled carcasses (NPPC, 2000). 
Br~ndum et al. ( 1998) investigated the use and accuracy of the AUTOFOM system in 
today's packing plant environment. By using a completely automatic system, all operator 
error is eliminated. The results of this study are based upon five pieces of actual information: 
fat and muscle depth measured with manual ultrasound, total meat content, and the weight 
and percentage of primal cuts measured by physical separation. Fat and muscle depth 
measurements were taken on 450 carcasses with an Aloka SSD 256 at the 3rd to 4th last rib. 
Correlations between manually measured fat and muscle depths with that of the AUTOFOM 
were quite high (r = 0.94 for fat and 0.88 for muscle). In order for a new technology to be 
accepted in Germany, the RSD must be less than 1.4 mm and 3.0 mm for fat and muscle 
depth. The AUTOFOM measures were within that range (RSD = 1.24 mm for fat, and 2.90 
mm for muscle). 
To test the accuracy of prediction for lean meat percentage, four different packing 
plants were used with differing numbers of pigs tested ( 120 to 194) and chain speeds (300 to 
1150 carcasses/ hour). In the first trial, predictions of lean percentage estimated from ruler, 
FOM, and Aloka SSD256 measurements were compared to the AUTOFOM predictions. In 
the second trial, only the FOM was compared with the AUTOFOM. Results showed the 
AUTOFOM to be considerably more accurate when predicting lean meat percentage than the 
FOM in the first and second trials (R2 = 0.85 and 0.77, RSD = 1.84 and 1.70%, respectively 
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vs R2 = 0.74 and 0.65, RSD = 2.01 and 2.35%, respectively). The predictions from the Aloka 
were intermediate (R2 = 0.77, RSD = 1.84 kg) between the AUTOFOM and FOM. The 
AUTOFOM predicts lean percentage 38% better than the FOM. 
As with fat and muscle depths, the accuracy of the AUTOFOM in predicting lean 
meat percentage has a limit as well. Each new technology introduced must predict lean 
percentage within 2.5%. The AUTOFOM has been shown to do this in the four previously 
mentioned research trials. 
For prediction of primal cut weight and percentage, the carcasses were measured with 
the AUTOFOM and then dissected into the components of ham, loin, and shoulder. The 
prediction of each of these components was much more accurate with the AUTOFOM when 
compared to the FOM. RSD for the ham, loin and shoulder were 0.31, 0.15, and 0.15 kg, 
respectively from the AUTOFOM and 0.46, 0.18, and 0.20 kg, respectively from the FOM. 
This study concluded that the AUTOFOM could be used to obtain estimates of lean 
percentage and primal cut weights that were as accurate and sometimes more accurate than 
those of existing carcass grading technologies. 
Genetic Parameter Estimates 
The ultimate goal of an animal breeder and the role of animal breeding in livestock is 
to make genetic progress. In order for this goal to be met, the genetic parameters like 
heritability and genetic correlations must be known. These parameters can vary greatly from 
study to study primarily due to the research population in question. Experimental design, 
methodologies, and completeness or accuracy of data are other reasons these parameters may 
not be consistent across populations. Very few parameter estimates are available for the 
genetic parameters of primal and boneless sub-primal cut weights in pigs, but other 
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composition traits such as backfat, loin muscle area and lean content have been studied at 
length. Sellier (1998) stated the heritability for backfat would be higher in a population of 
leaner hogs and lower in populations of hogs with more fat. 
Johansson et al. (1987) used data from 8234 Landrace, 4448 Yorkshire and 1122 
Hampshire pigs slaughtered over a five year period to estimate genetic parameters for traits 
from dissected pigs. At least 40 pigs per breed were dissected each year. Heritabilities were 
calculated within breed for the following traits: lean percentage (LP), percent meat and bone 
in back (MBB), percent meat and bone in ham (MBH), and the percentages of carcass weight 
of the shoulder (ShP), streak (StP), back (BP), and ham (HP). The results showed the 
dissection traits to be moderate to highly heritable. 
The heritabilities for these traits across all three breeds ranged from 0.27 to 0.81 for 
LP, 0.25 to 0.73 for MBB, 0.51 to 0.87 for MBH, 0.28 to 0.43 for HP, 0.35 to 0.55 for ShP, 
0.40 to 0.44 for BP and 0.29 to 0.61 for StP. The genetic correlations for the Landrace and 
Yorkshire breeds ranged from 0.15 to 0.33, -0.55 to -0.64, -0.21 to -0.05, and 0.46 to 0.45 
between LP and ShP, StP, BP, and HP, respectively. Genetic correlations were low to 
moderate among the dissection traits. For Yorkshires, the correlations for ShP with StP, BP 
and HP were -0.50, -0.11 and -0.29, respectively. The genetic correlations of StP with BP 
and HP were -0.25 and -0.49, respectively. Streak percentage was lowly correlated with HP 
(-0.28). Results for Landrace were similar to those for Yorkshires. 
Clutter and Brascamp (1998) reviewed published parameter estimates for backfat in 
Genetics of the Pig. When fed an ad libitum or semi ad libitum diet, the average heritability 
for backfat was 0.49 and ranged from 0.12 to 0.74. On a restricted diet, h2 ranged from Oto 
0.60 with an average of 0.31. 
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Berger et al. (1994) studied carcass data from the National Barrow Show Progeny test 
from 1991 to 1993 to estimate genetic parameters from carcass traits. Loin muscle area and 
off-midline backfat measures from the carcass at the 10th rib were found to be highly 
heritable traits (h2 = 0.76 and 0.72, respectively). These same two traits also showed a strong 
(rg = -0.57) antagonistic genetic correlation. 
Moeller (1994) estimated genetic parameters from the National Barrow Show 
Progeny test which involved 1172 purebred barrows and gilts slaughtered at an average of 
104.9 kg. Parameters were estimated using MTDFREML in an animal model including a 
three-generation pedigree. Ultrasonic and carcass backfat at the 10th rib were both very 
highly heritable (h2 = 0.87 and 0.79, respectively). The genetic correlation between these two 
traits was 0.99. Loin muscle area measured both live and on the carcass were also highly 
heritable (h2 = 0.71 and 0.87, respectively) and very highly correlated to one another (rg= 
0.87). The genetic correlation between backfat (live and carcass) was negatively associated 
with measures of loin muscle area (live and carcass) and values ranged from -0.30 to -0.68. 
Two review papers have summarized literature results for the genetic parameters of 
some common carcass composition traits. Ducos (1994) reviewed the traits of ultrasonic 
backfat depth, loin muscle area, and lean percentage and provided an average heritability of 
0.45, 0.48, and 0.54, respectively for these traits based on 143, 35, and 77 published 
estimates, respectively. This paper also reported the genetic correlation between ultrasonic 
backfat depth and lean percentage (rg = -0.65). 
Stewart and Schinckel ( 1989) reviewed 17 5 published papers with genetic parameter 
estimates for carcass traits and published weighted averages for heritabilities and genetic 
correlations in Genetics of Swine. The traits reviewed (ultrasonic backfat, carcass backfat 
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and loin muscle area, and lean percentage) all showed moderate (between 0.40 and 0.60) 
heritability. Lean percentage was highly correlated with the 10th rib carcass measures of 
backfat (rg = -0.87) and loin muscle area (rg = 0.65). Backfat and loin muscle area were also 
negatively correlated (rg = -0.38). 
The Terminal Sire Line Evaluation (NPPC, 1995) reported results from different 
methods of estimating genetic parameters. Lean percent of the carcass showed varying 
heritabilities based on a sire model, dam model and sire+ dam model (h2 = 0.35, 0.69, and 
0.52, respectively). Heritability for carcass 10th rib backfat and loin muscle area were 
estimated using the same models plus an animal model. Heritability estimates from the four 
different models for backfat were 0.32, .072, 0.52, and 0.46, respectively and 0.39, 0.58, 
0.48, and 0.48, respectively for loin muscle area. 
Numerous studies have estimated the heritability for backfat, loin muscle area, and 
lean percent in recent years (Schulze et al., 2000; Hall et al., 1999; Hermesch et al., 1999; 
Johnson et al., 1999; Sonesson et al., 1998; Knapp et al., 1997; Labroue et al., 1997; Von 
Felde et al., 1996; Lo et al., 1992). Heritability for backfat seems fairly consistent across 
studies (h2 - 0.50 and ranging from 0.36 to 0.65). Loin muscle area shows more variation in 
h2 estimates, ranging from 0.24 to 0.80. Lean percentage or lean muscle content ranges from 
0.26 to 0.76, depending on the breed. These research studies show a consistent trend in that 
pork carcass composition traits are moderate to highly heritable. 
From this literature review, a carcass component pricing system could become 
feasible. If the hog marketing system evolves into a carcass component pricing system in the 
future, genetic parameters for the weight of primal and/or boneless sub-primal cuts will be 
needed. This review shows that previous estimates of carcass composition are moderately to 
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highly heritable. The composition traits of primal and boneless sub-primal cut weights 
should be moderately to highly heritable. 
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CHAPTER 3. 
GENETIC PARAMETERS OF PORK CARCASS COMPONENTS 
A paper to be submitted to Journal of Animal Science 
D. W. Newcom, T. J. Baas, R. N. Goodwin, and J. W. Mabry 
Abstract 
Data from 456 halothane normal purebred Yorkshire, Duroc, and Other breeds pigs from two 
national progeny testing and genetic evaluation programs were utilized to estimate genetic 
parameters for carcass components in pigs. Carcass components were cut and weighed 
according to Institutional Meat Purchase Specifications. Primal cut weights evaluated 
included 401 Ham (HAM), 410 Loin (LOIN), 405 Picnic shoulder (PIC), 406 Boston Butt 
(BB), and 409 Belly (BELLY). Individual muscle weights included the inside (INS), outside 
(OUT). and knuckle (KNU) muscles of the ham, the longissimus dorsi (LD) and psoas major 
(TEND) of the loin, and the boneless components of both the Boston Butt (BB UTT) and 
picnic (BPIC). Muscle weights from each primal were summed to yield a boneless sub-
primal weight (BRAM, BLOIN, BSHLDR), and all boneless sub-primals were summed to 
yield total primal boneless lean (LEAN). Heritability estimates for HAM, LOIN, and 
BELLY were 0.60, 0.61, and 0.67, respectively. Heritability estimates for BB and PIC were 
0.10 and 0.18, respectively. Heritability estimates for the boneless components of each 
primal were higher than those for the intact primals. Genetic correlations for HAM, LOIN, 
and PIC with LMA were 0.57, 0.79, and 0.83, respectively, and -0.66 with BFIO. Boneless 
sub-primal components were highly correlated with LEAN. Gilts had heavier weights (P < 
0.01) for all primal cuts (with the exception of BELLY) and boneless sub-primals, individual 
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muscles, and LEAN. Gilts also had less BFl O and more LMA (P < 0.01 ). Duroc pigs had a 
heavier (P < 0.01) weight for HAM when compared to Yorkshires, but were not different (P 
> 0.05) from the Other breed. Yorkshire pigs had more (P < 0.01) LOIN weight than did the 
Duroc or the Other breed. No breed differences (P > 0.05) were found for BLOIN, 
BSHLDR, LEAN, or BPIC. Results suggest primal, boneless sub-primal, and individual 
muscle weights in pigs should respond favorably to selection. 
Introduction 
Packing plant procurement managers have historically been most interested in 
balancing the price paid for all hogs with the value of all hogs purchased (Wiley, 1951). This 
has been accomplished by pricing hogs on a live-weight basis. Live-weight pricing, 
however, has proven to be unable to differentiate the types of hogs needed to satisfy 
consumer preferences, resulting in more variation in carcass value than in price paid for those 
carcasses (Dowell and Engelman, 1949; Shepherd et al., 1940). Packers needed a way to 
sort and purchase hogs that could meet consumer demands for leaner meat. 
Technological advances such as the metal ruler, Fat-0-Meater (FOM) (SFK Ltd, 
Hvidovre, Denmark), and Carcass Value Technology (CVT) (Animal Ultrasound Services, 
Inc, Ithaca, New York) have allowed packers to estimate fat and lean composition in a pork 
carcass rapidly in a commercial setting (NPPC, 2000; Berg et al., 1999; Lui and Stouffer, 
1995; Akridge, 1992; Fortin et al., 1984). These estimates of carcass composition are 
typically based on carcass weight, backfat, and a loin muscle depth measurement. Packers 
and processors have used this information and instituted pricing systems based upon leanness 
and carcass composition. Producers have implemented this valuable information into 
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breeding programs and dramatically improved the lean content of their market hogs over the 
past decade. 
Packers and processors are generally not paid based upon weight or backfat thickness 
of the carcass, but are paid for the weight of the lean, fat, and by-product components 
produced from that carcass, and the price of each component varies by weight (Boland, 
1998). Br0ndum et al. (1998) described the Automatic Fat-0-Meater (AUTOFOM) as a 
technology to determine how lean is distributed in the carcass and to estimate weight of 
primal and boneless sub-primal cuts in a pork carcass. Real time ultrasound on live pigs has 
also been investigated as a means to estimate the yield of primal and boneless sub-primal 
cuts in pigs (Sellers et al., 2000). Brorsen et al. ( 1998) proposed a new carcass pricing 
system based upon the prices for individual components and showed how component pricing 
has improved quality of other commodities. 
Genetic parameter estimates for backfat and muscle content have been studied 
extensively and are readily available in the literature (Clutter and Brascamp, 1998; Berger et 
al., 1994; Ducos, 1994; Moeller, 1994; Stewart and Schinckel, 1989). Carcass composition 
traits are highly heritable and respond very favorably to selection. If payment programs . 
evolve and packers change from pricing based on carcass composition to a weight of primal 
and/or boneless sub-primal pricing strategy, producers need to emphasize these traits in their 
breeding programs. 
In order for any selection program to be successful, variance component and genetic 
parameter estimates for the trait(s) in question must be known. This study was designed to 
estimate variance components and genetic parameters for the pork carcass components of 
primal and boneless sub-primal cut weights in pigs. 
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Materials and Methods 
Data Utilized 
Data from two national progeny testing and genetic evaluation programs were 
evaluated in this study. The first dataset was from 285 halothane normal purebred Yorkshire 
and Duroc pigs from two replications of the National Pork Board's Genetics of Lean 
Efficiency (GLE) project (Goodwin, 2001). Barrows and gilts from both breeds were 
delivered to the Minnesota Swine Testing Station, New Ulm, MN at 10 to 20 days of age. A 
standard health and vaccination protocol was implemented and pigs were randomly assigned 
to pens within breed and sex. All pigs were randomly assigned to one of two target slaughter 
weights (113.4 and 131.5 kg) upon entry. Pigs were reared in a modified open-front finisher 
with a partially slotted floor and given 1.5 m2 of pen space per pig. At a pen average of 31.7 
kg, pigs were placed on test and given ad libitum access to feed and water. 
The second dataset utilized was from 171 halothane normal purebred Yorkshire, 
Duroc, and Other breeds 1 pigs from two seasons of the National Barrow Show (NBS) Sire 
Progeny Test (Goodwin, 2000). Barrows and gilts from all three breeds were delivered at 
approximately 8 weeks of age. Pigs were penned by sire group in an open front building 
with a bedded, solid concrete floor and given 1.4 m2 of pen space per pig. At a pen average 
of approximately 31. 7 kg, animals were placed on test and given ad libitum access to feed 
and water until they reached a target end weight of 108.9 kg. Data from both projects were 
combined for analysis. 
1 Other breeds include Berkshire, Chester White, Hampshire, Landrace, Poland China and Spot. 
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Animals in both projects were weighed off-test weekly upon reaching their target end 
weight. Pigs were delivered to Hormel Foods I Quality Pork Processors in Austin, Minnesota 
and harvested after an overnight rest period. 
Carcasses entered the cooler forty-five minutes post-mortem. After a two-hour blast 
chill (-20°C), carcasses were selected for dissection based upon centrality of the dorsal split 
and lack of trim. At twenty-four hours post-mortem, the left side of each selected carcass 
was transported to Geneva Meats, Geneva, Minnesota for dissection. 
The right side of each carcass was used for measurement of tenth rib off-midline 
backfat (BFlO) and loin muscle area (LMA). Carcasses were ribbed by a cut perpendicular 
to the vertebral column between the 10th and 11th ribs from the anterior end. Tenth rib off-
midline backfat and loin muscle area were measured according to Pork Composition and 
Quality Assessment Procedures (NPPC, 2000). 
The dissection procedure described in Berg et al. ( 1999) was performed on all 
selected carcasses forty-eight hours post-mortem. Primals and boneless sub-primals were cut 
according to Institutional Meat Purchase Specifications (IMPS) (NAMP, 1997). Boneless 
sub-primal cuts and individual muscles were trimmed to 0.0 cm external fat. Primal weights 
included the 401 Ham (HAM), 410 Loin (LOIN), 405 Picnic shoulder (PIC), 406 Boston 
Butt (BB), and 409 Belly (BELLY). Each primal was separated into its respective boneless 
sub-primals and muscles. The inside (INS), outside (OUT), and knuckle (KNU) muscles of 
the ham were summed to yield a boneless ham (BHAM). The longissimus dorsi (LD) and 
psoas major (TEND) were summed to yield a boneless loin product (BLOIN). The boneless 
picnic (BPIC) and boneless Boston Butt (BBUTT) were summed to yield a boneless shoulder 
(BSHLDR). The boneless sub-primal components BHAM, BLOIN and BSHLDR were 
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summed to yield total primal boneless lean (LEAN). Summary statistics from the two 
projects are shown in Table 1. 
Statistical Analysis 
Groups of traits were designated for analysis. The first group included HAM, LOIN, 
BB, PIC, BELLY, BFlO, and LMA. A second group included BHAM, BLOIN, BSHLDR, 
and LEAN. Primals were also grouped with their respective boneless sub-primals, individual 
muscles, and LEAN. 
All traits were first analyzed with a single trait sire model using PROC MIXED of 
SAS (Littell et al., 1996) to test for significant effects in the model and estimate between sire 
(88) and residual variance (be). The initial model was: 
YijkI = ai + bj + ck + abij + ~1 Wij + sil + eijkI 
where YijkI = observation for a trait, ai = fixed effect of ith breed; bj = fixed effect of j th sex; ck 
= fixed effect of kth group (where group is defined as a slaughter group within project); abij = 
fixed effect of the interaction of ith breed with j1h sex; Wij = covariate of off-test weight for ith 
breed with l sex; ~1 = linear regression coefficient of the dependent variable on off-test 
weight, Wij; Sil= random effect of sire 1 within breed I; and eijkl = random residual error. 
Distribution of records by breed, gender, and project is shown in Table 2. A significance 
level of P = 0.25 was established as a maximum level for an effect to remain in the model. 
The interaction of breed with sex was not significant (P > 0.25) and was removed from the 
final model. 
Within each group of traits, all possible two-trait models were analyzed with an 
animal model procedure [MTDFREML (Meyer, 1991)] with 48s and 8efrom the single trait 
model as initial variance component estimates. Multiple trait analyses by group were 
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performed using averaged variance components from the two-trait analyses as initial variance 
estimates. The version of MTDFREML utilized for the multiple trait analyses allowed for 
the estimation of SE of variance components and genetic parameters by using the average 
information matrix. All SE for variance component and genetic parameter estimates reported 
are from the within-group multiple trait analyses. 
Results and Discussion 
Gender and Breed Effects 
Least squares means by gender and breed for primal and boneless sub-primal cut 
weights, individual muscle weights, LEAN, BFlO, and LMA are given in Table 3. Gilts had 
heavier weights (P < 0.01) for all primal cuts (with the exception of BELLY) and boneless 
sub-primals, individual muscles, and LEAN. Gilts also had less (P < 0.01) BFlO (22.5 vs. 
28.0 mm) and more (P < 0.01) LMA (43.0 vs. 38.8 cm2). Barrows had a heavier (P < 0.01) 
BELLY when compared to gilts. These gender differences for BFl O and LMA are similar to 
those found in previous studies (NPPC, 1995; Moeller, 1994). 
Duroc pigs had a heavier (P < 0.01) weight for HAM when compared to Yorkshires, 
but were not different (P > 0.05) from the Other breeds. Yorkshire pigs had more (P < 0.01) 
LOIN weight than did the Duroc or the Other breeds. For muscles in the ham, Durocs had 
more (P < 0.01) INS weight than Yorkshires or Other breeds. They were superior to Other 
breed pigs but were not different (P > 0.05) from Yorkshires for OUT weight. Durocs could 
be used in a specialty ham market where two-piece hams (INS plus OUT) are desirable. 
Yorkshires had heavier (P < 0.05) KNU weights when compared to Duroc and Other breed 
pigs. For muscles from the loin, Yorkshire and Duroc pigs had heavier (P < 0.01) LD 
weights than the Other breed pigs. Yorkshires had heavier (P < 0.01) weights for TEND 
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when compared to Durocs, but were not different (P > 0.05) from the Other breed. No breed 
differences (P > 0.05) were found for BLOIN, BSHLDR, LEAN, or BPIC. 
Regression coefficients 
Regression coefficients for off-test weight by breed for primal and boneless sub-
primal cut weights, LEAN, BFlO, and LMA are shown in Table 4. Off-test weight 
influenced weight of primal and boneless sub-primal cuts, LEAN, BFl 0, and LMA (P < 
0.05). Regression coefficients for BELLY and BHAM were higher (P < 0.01) for the Other 
breed than for the Yorkshire and Duroc breeds. Coefficients for LMA and LEAN were 
higher (P < 0.05) for the Other breed when compared to both Yorkshires and Durocs. This 
could be the result of a lower mean off-test weight for the Other breed and could show the 
breeds were at different points in their growth curves at time of slaughter (Taylor, 1995). 
Regression coefficients by breed for LOIN, BB, PIC, and BFlO were not different (P > 0.05). 
The interaction of OFFWT with sex did not affect weight of primal and boneless sub-primal 
cuts, LEAN, BFlO, and LMA (P > 0.05). The regression coefficient ofBFlO on off-test 
weight was similar to that found by Lo et al. (1992). They found the regression coefficient 
for LMA was smaller than that found in this study. 
Backfat and Loin Muscle Area 
Heritability estimates and genetic and residual correlations for BFlO and LMA are 
shown in Table 5. Heritability estimates for BFl O and LMA were 0.58 and 0.67, 
respectively, and the genetic correlation between BFlO and LMA was -0.57. These results 
are similar to previous literature estimates (Clutter and Brascamp, 1998; Stewart and 
Schinckel, 1989). Two studies have used NBS data to estimate genetic parameters for BFlO 
and LMA. Heritability estimates for BFlO and LMA were 0.72 and 0.76, respectively, as 
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reported by Berger et al. (1994), and 0.79 and 0.71, respectively, by Moeller (1994). Berger 
et al. (1994) estimated the genetic correlation between BFIO and LMA to be -0.57 while 
Moeller (1994) estimated the genetic correlation to be -0.68. Results from the National 
Genetic Evaluation Terminal Line Program (NPPC, 1995), which followed a protocol similar 
to the GLE but evaluated crossbred pigs, showed heritability estimates for BFlO and LMA to 
be 0.46 and 0.48, respectively. The genetic correlation between BFIO and LMA in that study 
was estimated to be -0.61. 
Primals 
Heritability estimates and genetic and residual correlations for primal cut weights are 
given in Table 5. Heritability estimates for HAM, LOIN, and BELLY were 0.60, 0.61, and 
0.67, respectively. Heritability estimates for the two primal cuts from the shoulder, BB and 
PIC, were 0.10 and 0.18, respectively. Low genetic variation within BB and PIC is a 
possible cause of these lower estimates. Johansson et al. (1987) estimated genetic parameters 
for primal cut percentage from European progeny testing programs. They reported 
heritability estimates for ham percentage (0.28 to 0.43), back percentage, (0.40 to 0.44), 
streak percentage (0.29 to 0.61), shoulder percentage (0.35 to 0.55), percent meat plus bone 
in the ham (0.51 to 0.87), and for percent meat plus bone in the back (0.25 to 0.73) for the 
Landrace, Yorkshire, and Hampshire breeds. 
The two largest primal cuts, HAM and LOIN, were highly correlated with each other 
(0.60). The primal weights for HAM, LOIN, and PIC were negatively associated with 
BELLY (-0.61, -0.56, and -0.78, respectively) and BFIO (-0.66). The primal weights for 
HAM, LOIN, and PIC were also positively associated with LMA (0.57, 0.79, and 0.83, 
respectively). The genetic correlation between BELLY and LMA was -0.38. These results 
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show primal cuts with higher lean to fat ratios (HAM, LOIN, BB, and PIC) are positively 
associated with lean predictors (LMA), and negatively associated with predictors of fat 
content (BFlO). The primal cut with a lower lean to fat ratio (BELLY) showed opposite 
relationships with LMA and BFl 0. The lower genetic correlation between BB and BFl 0 
could result from the fact that BB is the first primal cut to begin accretion of fat, somewhat 
independent of backfat level at the 10th rib. 
Selection for decreased BFlO and increased LMA has been successful (NSR, 2001). 
These results suggest that decreasing BFlO and increasing LMA increases HAM and LOIN, 
but decreases BELLY. This could be detrimental as BELLY is a high value primal cut. 
Boneless Sub-primals 
Heritability estimates and genetic and residual correlations for boneless sub-primal 
cut weights are shown in Table 6. Heritability estimates for BRAM, BLOIN, and BLEAN 
were 0.88, 0.72 and 0.77, respectively. These estimates are higher than those for the primal 
cuts. Variation in fat deposition within each primal could lead to this higher estimate of 
heritability when compared to the individual primal. 
Genetic correlations among boneless sub-primals ranged from 0.75 to 0.94 and were 
similar to those found among the primals. The genetic correlations of BRAM, BLOIN, and 
BSHLDR with LEAN were 0.94, 0.92, and 0.90, respectively. These high correlations show 
that any one of the three boneless components of the carcass could be used to predict LEAN. 
Carcass Component Groups 
Heritability estimates and genetic and residual correlations for ham components from 
a six-trait analysis that included HAM, BRAM, LEAN, INS, OUT, and KNU are given in 
Table 7. Heritability estimates for HAM, BRAM, and LEAN were similar to estimates from 
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the primal and boneless sub-primal analyses. Heritability estimates for INS, OUT, and KNU 
were 0.85, 0. 78 and 0.54, respectively. The knuckle muscle is not one muscle like the INS 
and OUT and this lower heritability estimate may be due to this fact. The estimates for INS 
and OUT were higher than those for HAM and similar to those for BHAM. 
Genetic correlations among ham components were high. The correlation between 
HAM and BHAM was 0.87. The genetic correlations of HAM and BHAM with LEAN were 
0.75 and 0.93, respectively. The knuckle muscle was more highly correlated with HAM than 
with BHAM (0.92 vs. 0.80). The inside and outside muscles were more highly correlated 
with BHAM than with HAM (0.89 vs. 0.66, and 0.90 vs. 0.77, respectively). The 
correlations of INS, OUT, and KNU with LEAN were 0.83, 0.87, and 0.65, respectively. 
These results suggest that selection based on INS and OUT ( either from prediction equations 
or real-time ultrasound) could be used to improve LEAN. 
Heritability estimates and genetic and residual correlations for loin components from 
a five-trait analysis that included LOIN, BLOIN, LEAN, LD, and TEND are shown in Table 
8. The heritability estimates for LOIN and LEAN were similar to estimates from the primal 
and boneless sub-primal analyses. The heritability estimate for BLOIN was higher than the 
estimate from the boneless sub-primal analysis. Heritability estimates for LD and TEND 
were 0.94 and 0.30, respectively. Lower genetic variation could account for the reduced 
heritability estimate for TEND. 
The genetic correlations of LOIN and BLOIN with LEAN were 0.94 and 0.92, 
respectively. This relationship is different than what was seen in the ham where the boneless 
sub-primal was more highly correlated with LEAN than was the primal. The correlation 
between LOIN and BLOIN is 0.91, which is similar to what was seen in the ham. The 
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genetic correlation was 0.82 between LD and LOIN and 0.85 between LD and LEAN. This 
shows the importance of the LD in the lean content of the carcass. The genetic correlation 
between LD and TEND was 0.30. The fact that the TEND develops early in the growth 
cycle, independent of the LD, and is the one of the least used muscles in the body could lead 
to this lower genetic correlation. 
Heritability estimates and genetic and residual correlations for weights of shoulder 
components from a six-trait analysis that included BB, PIC, BSHLDR, LEAN, BBUTT, and 
BPIC are given in Table 9. Heritability estimates for BB, PIC, BSHLDR, and LEAN were 
similar to estimates from the primal and boneless sub-primal analyses. Heritability estimates 
for BBUTT and BPIC were 0.15 and 0.37, respectively. These estimates were slightly higher 
than those for the intact primal, similar to what was seen with the other sub-primals. 
The genetic correlations of BB and PIC with BSHLDR were 0.73 and 0.85, 
respectively. This relationship is lower than what was seen in the loin. The correlation 
between BB and BB UTT was 0.81 and the correlation between PIC and BPIC was 0.87. The 
correlation between BPIC and LEAN was higher than the relationship between BBUTT and 
LEAN (0.93 vs. 0.73). 
Implications 
With advances in technology to predict primal and boneless sub-primal cut weights in 
pigs, it is only a matter of time before packers and processors begin using these weights in 
some form of pricing matrix. By pricing hogs based upon primal weight and value, packers 
will be able to more closely match the price paid for the hog with the income received when 
selling individual components from the carcass. This would in tum create a more efficient 
flow of information back to the producer. 
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When these pricing changes occur, geneticists and seedstock producers will need to 
have genetic parameter estimates available for use in a selection program to improve primal 
and boneless sub-primal weights. The results found in this study show that each of the 
components of the hog carcass (with the exception of the shoulder) are as highly heritable as 
I 0th rib backfat and loin muscle area, which should mean response to selection for these 
component traits is possible. 
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Table 1. Summary statistics for traits in the Genetics of Lean Efficiency project (above) and 
National Barrow Show Sire Progeny Test (below). 
Standard 
Trait a Mean Deviation Minimum Maximum 
OFFWT,kg 123.4 10.4 89.3 142.0 
111.5 3.4 93.0 123.4 
HAM,kg 10.7 1.0 8.3 13.0 
9.3 0.6 6.7 10.8 
LOIN, kg 10.5 1.2 6.7 13.7 
8.9 1.0 6.2 11.3 
BB,kg 4.9 0.7 3.3 6.7 
3.9 0.7 2.2 5.2 
PIC, kg 4.9 0.6 3.4 6.7 
4.1 0.5 2.6 5.8 
BELLY, kg 4.7 0.7 2.8 6.7 
4.6 0.7 2.8 6.6 
BHAM,kg 5.7 0.6 3.8 7.3 
5.0 0.7 3.4 6.8 
BLOIN, kg 3.6 0.5 2.3 6.2 
2.9 0.4 1.6 4.1 
BSHLDR,kg 7.1 0.8 5.3 9.5 
5.9 0.7 3.1 7.5 
LEAN, kg 16.4 1.8 11.5 21.7 
13.4 1.4 8.1 17.3 
INS,kg 1.9 0.3 0.8 2.8 
1.7 0.3 1.0 2.9 
OUT, kg 2.4 0.3 1.4 3.1 
2.3 0.4 1.5 3.5 
KNU,kg 1.4 0.2 0.9 1.8 
1.1 0.2 0.6 1.6 
LD,kg 3.2 0.4 2.0 4.5 
2.4 0.5 1.0 3.6 
TEND, kg 0.5 0.1 0.3 1.3 
0.6 0.3 0.2 1.3 
BPIC, kg 3.5 0.5 2.4 5.1 
2.9 0.4 1.2 4.0 
BBUTT, kg 3.6 0.5 2.5 5.1 
3.0 0.4 1.9 4.3 
BFlO, mm 23.3 7.1 8.0 50.0 
27.1 7.4 12.7 54.6 
LMA, cm2 42.9 5.9 26.1 61.9 
35.9 5.2 18.7 48.4 
a OFFWT= off-test weight, HAM= 401 Ham weight, LOIN= 410 Loin weight, BB= 406 Boston Butt, PIC= 405 
Picnic shoulder, BELLY= 409 Belly, BHAM= Boneless ham, BLOIN= Boneless loin, BSHLDR= Boneless 
shoulder, LEAN= Total primal boneless lean, INS= inside ham muscle, OUT= outside ham muscle, KNU= 
knuckle ham muscle, LD= longissimus dorsi, TEND= psoas major BPIC= Boneless picnic shoulder, BBUTT= 
Boneless Boston Butt, BFlO= tenth rib off-midline carcass backfat, LMA= tenth rib carcass loin muscle area. 
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Table 2. Distribution of records by breed and gender in the Genetics of Lean Efficiency 
(GLE) project and National Barrow Show Sire Progeny Test (NBS). 
Breed Sex GLE NBS 
Yorkshire Sires 52 12 
Barrows 73 16 
Gilts 71 15 
Duroc Sires 56 10 
Barrows 70 12 
Gilts 71 7 




Table 3. Least squares means (at the mean off-test weight) by gender and breed for primal 
and boneless sub-primal cuts, total primal boneless lean, individual muscles, backfat, and 
loin muscle area. 
Gender Breed 
Trait a Barrow Gilt Yorkshire Duroc Other 
Primals 
HAM,kg 10.13±0.osc 10.41±0.06b 10.09±0.osc 10.42±0.06b 10.30±0.14bc 
LOIN,kg 9.65±0.06c 10.21±0.06b 10.21±0.08b 9.85±0.Q8c 9.73±0.12c 
BB,kg 4.44±0.04c 4.60±0.04b 4.60±0.04d 4.60±0.04d 4.37±0.1 le 
PIC, kg 4.54±0.03c 4.74±0.03b 4.59±0.Q4c 4.72±0.04b 4.62±0.06bc 
BELLY, kg 4.83±0.0Sb 4.69±0.osc 4.64±0.osc 4.59±0.osc 5.06±0.12b 
Sub-12rimals 
BHAM,kg 5.30±0.osc 5.70±0.0Sb 5.55±0.0Sde 5.62±0.06d 5.33±0.12e 
BLOIN,kg 3.26±0.Q4c 3.62±0.04b 3.48±0.04d 3.44±0.04d 3.39±0.09d 
BSHLDR,kg 6.59±0.osc 6.92±0.05b 6.80±0.04d 6.84±0.0Sd 6.62±0.12d 
LEAN, kg 15.16±0.llc 16.22±0.12b 15.83±0.12d 15.90±0.12d 15.33±0.28d 
Muscles 
INS, kg 1.80±0.02c l.93±0.02b l.85±0.02e l.94±0.03d l.8}±0.06e 
OUT,kg 2.28±0.Q2c 2.46±0.02b 2.40±0.02d 2.44±0.03d 2.28±0.06e 
KNU,kg 1.22±0.Qlc 1.31±0.0P 1.30±0.0lb 1.25±0.Q}c l.25±0.04c 
LD,kg 2.72±0.02c 3.03±0.03b 2.94±0.03b 2.92±0.03b 2.76±0.05c 
TEND,kg 0.42±0.Q}c 0.46±0.0lb 0.46±0.0lb 0.42±0.0lc 0.45±0.02bc 
BBUTT,kg 3.35±0.03c 3.49±0.03b 3.48±0.03d 3.48±0.03d 3.31±0.08e 
BPIC, kg 3.22±0.03c 3.40±0.03b 3.32±0.03d 3.35±0.03d 3.26±0.05d 
Carcass 
BFlO,mm 28.QO±Q.48c 22.51±0.49b 23.20±0.60b 22.55±0.62b 30.02±0.95c 
LMA,cm2 38.82±0.49c 43.00±0.51b 40.50±0.51 C 42.33±0.53b 39.90±1.21bc 
a HAM= 401 Ham, LOIN= 410 Loin, BB= Boston Butt, PIC= Picnic shoulder, BELLY= 409 Belly, BRAM= 
Boneless ham, BLOIN= Boneless loin, BSHLDR= Boneless shoulder, LEAN= Total primal boneless lean, 
INS= Inside ham muscle, OUT= Outside ham muscle, KNU= Knuckle ham muscle, LD= Longissimus dorsi, 
TEND= Psoas major, BBUTT= Boneless Boston Butt, BPIC= Boneless picnic shoulder, BFlO= Tenth rib off-
midline carcass backfat, LMA= Tenth rib carcass loin muscle area. 
be Means in the same row within the same fixed effect without a common superscript differ (P < 0.01). 
de Means in the same row within the same fixed effect without a common superscript differ (P < 0.05). 
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Table 4. Off-test weight regression coefficients by breed for primal and boneless sub-primal 
cut weights, total carcass boneless lean, backfat, and loin muscle area. 
Regression Coefficients 
Pooledb Breed 
Trait a Yorkshire Duroc Other 




BELLY 0.059±0.013 d 0.059±0.012 d 0.093±0.012 C 
BHAM 0.032±0.013 d 0.029±0.013 d 0.067±0.012 C 
BLOIN 0.025±0.0lOer 0.020±0.0lQf 0.042±0.010 e 
BSHLDR 0.059±0.013 e 0.048±0.013 r 0.078±0.013 e 
LEAN O.I2±0.03c 0.10±0.03f 0.18±0.03e 
BFlO 0.24±0.04 
LMA 0.200±0.13 c 0.18±0.13f 0.45±0.12 e 
a HAM= 401 Ham, LOIN= 410 Loin, BB= 406 Boston Butt, PIC= Picnic shoulder, BELLY= 409 Belly, 
BRAM= Boneless ham, BLOIN= Boneless loin, BSHLDR= Boneless shoulder, LEAN= Total primal boneless 
lean, BFlO= Tenth rib off-midline carcass backfat, LMA= Tenth rib carcass loin muscle area. 
b Pooled data where regression coefficients by breed did not differ (P > 0.05). 
cd Regression coefficients in the same row without a common superscript differ (P < 0.01). 
ef Regression coefficients in the same row without a common superscript differ (P < 0.05). 
Table 5. Heritabilities and genetic and residual correlations (with standard errors) from a seven-trait analysis for primal cut 
weights, backfat, and loin muscle area a. 
Trait 6 HAM LOIN BB PIC BELLY BFIO LMA 
HAM 0.60±0.14 0.59±0.15 0.35±0.47 0.73±0.30 -0.61±0.17 · -0.66±0.15 0.57±0.14 
LOIN 0.07±0.25 0.61±0.15 0.76±0.66 0.91±0.39 -0.56±0.15 -0.66±0.15 0.79±0.12 
BB 0.12±0.16 -0.04±0.18 0.10±0.15 0.81±1.06 -0.68±0.57 -0.19±0.44 0.55±0.51 
PIC 0.05±0.17 -0.27±0.19 -0.18±0.12 0.18±0.13 -0.78±0.36 -0.66±0.30 0.83±0.35 
BELLY 0.62±0.36 0.10±0.31 -0.04±0.19 0.43±0.23 0.67±0.15 0.61±0.14 -0.38±0.16 
BFIO 0.15±0.27 0.06±0.26 -0.16±0.16 -0.15±0.16 0.10±0.27 0.58±0.14 -0.57±0.13 
LMA 0.19±0.25 -0.05±0.31 0.12±0.18 -0.13±0.20 0.05±0.32 -0.31±0.22 0.67±0.14 
a Heritabilities on diagonal, genetic correlations above diagonal, residual correlations below diagonal. 
h HAM= 401 Ham, LOIN= 410 Loin, BB= 406 Boston Butt, PIC= 405 Picnic shoulder, BELLY= 409 Belly, BFlO=Tenth rib offmidline carcass backfat, 




Table 6. Reritabilities and genetic and residual correlations (with standard errors) from a 
four-trait analysis for boneless sub-primal cut weights a_ 
Trait 6 BRAM BLOIN BSRLDR LEAN 
BRAM 0.88±0.14 0.77±0.09 0.75±0.32 0.94±0.03 
BLOIN 0.06±0.62 0.72±0.16 0.80±0.58 0.92±0.11 
BSRLDR 0.30±0.36 0.17±0.93 0.37±0.64 0.90±0.21 
LEAN 0.55±0.35 0.51±0.83 0.88±0.12 0.77±0.21 
a Heritabilities on diagonal, genetic correlations above diagonal, residuals correlation below diagonal. 
b BHAM= Boneless ham, BLOIN= Boneless loin, BSHLDR= Boneless shoulder, LEAN= Total primal boneless 
lean. 
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Table 7. Heritabilities and genetic and residual correlations (with standard errors) from a six-
trait analysis for ham component weights a. 
Trait 6 HAM BHAM LEAN INS OUT KNU 
HAM 0.59±0.17 0.87±0.05 0.75±0.09 0.66±0.11 0.77±0.17 0.92±0.14 
BRAM 0.77±0.18 0.86±0.17 0.93±0.03 0.89±0.04 0.90±0.12 0.80±0.14 
LEAN 0.51±0.26 0.66±0.29 0.75±0.17 0.83±0.06 0.87±0.11 0.65±0.14 
INS 0.51±0.35 0.52±0.64 0.25±0.69 0.85±0.23 0.64±0.17 0.60±0.15 
OUT 0.61±0.73 0.75±1.27 0.47±0.80 0.15±1.19 0.78±0.18 0.64±0.50 
KNU 0.29±0.49 0.55±0.58 0.46±0.39 -0.10±2.12 0.11±1.52 0.54±0.91 
a Heritabilities on diagonal, genetic correlations above diagonal, residual correlations below diagonal. 
b HAM=401 HAM, BHAM= Boneless ham, LEAN= Total primal boneless lean, INS= inside ham muscle, 
OUT= outside ham muscle, KNU= knuckle ham muscle. 
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Table 8. Heritabilities and genetic and residual correlations (with standard errors) from a 
five-trait analysis for loin component weights a. 
Trait 6 LOIN BLOIN LEAN LD TEND 
LOIN 0.62±0.15 0.91±0.07 0.94±0.10 0.82±0.07 0.77±0.23 
BLOIN 0.06±0.43 0.83±0.15 0.92±0.05 0.98±0.01 0.55±0.17 
LEAN -0.29±0.50 0.20±0.53 0.76±0.17 0.85±0.05 0.70±0.24 
LD 0.43±0.43 0.70±0.31 0.58±0.45 0.94±0.14 0.37±0.22 
TEND -0.22±0.22 0.86±0.24 -0.13±0.30 0.25±1.00 0.30±0.15 
a Heritabilities on diagonal, genetic correlations above diagonal, residual correlations below diagonal. 
b LOIN= 410 LOIN, BLOIN= Boneless loin, LEAN= Total primal boneless lean, LD= longissimus dorsi, 
TEND= psoas major. 
Table 9. Heritabilities and genetic and residual correlations (with standard errors) from a six-trait analysis for shoulder component 
weights 3 • 
Trait ti BB PIC BSHLDR LEAN BBUTT BPIC 
BB 0.06±0.24 0.76±1.48 0.73±0.61 0.70±0.90 0.81±0.38 0.58±1.02 
PIC -0.12±0.55 0.16±0.19 0.85±0.31 0.79±0.29 0.62±0.85 0.87±0.16 
BSHLDR 0.69±0.25 0.43±0.36 0.42±0.59 0.93±0.14 0.86±0.24 0.95±0.11 
LEAN 0.71±0.33 0.39±0.42 0.88±0.21 0.83±0.24 0.73±0.29 0.93±0.11 
BBUTT 0.91±0.06 -0.22±0.59 0.68±0.25 0.72±0.30 0.15±0.27 0.65±0.57 
BPIC -0.10±0.70 0.82±0.09 0.57±0.38 0.37±0.60 -0.22±0.77 0.37±0.28 
a Heritabilities on diagonal, genetic correlations above diagonal, residual correlations below diagonal. 
b BB=406 Boston Butt, PIC= 405 Picnic Shoulder, BSHLDR= Boneless shoulder, LEAN= Total primal boneless lean, BBUTT= Boneless Boston Butt, 




CHAPTER 4. CONCLUSIONS 
Gender effects for primal and boneless sub-primal cut weights, total carcass boneless 
lean, and individual muscles were as expected. Gilts exhibited more weight in each of the 
primals (with the exception of the belly) and boneless sub-primal cuts, more weight of total 
primal boneless lean, and heavier individual muscle weights. Barrows had a heavier belly. 
Gilts also had less backfat and more loin muscle area, which is consistent with previous 
literature. 
Duroc pigs had a heavier weight for HAM when compared to Yorkshires, but were 
not different from the Other breed. Yorkshire pigs had more LOIN weight than did the 
Duroc or the Other breed. For muscles in the ham, Durocs had more INS weight than 
Yorkshires or Other breeds. They were superior to Other breed pigs but were not from 
Yorkshires for OUT weight. Yorkshires had heavier KNU weights when compared to Duroc 
and Other breed pigs. For muscles from the loin, Yorkshire and Duroc pigs had heavier LD 
weights than-the Other breed pigs. Yorkshires had heavier weights for TEND when 
compared to Durocs, but were not different from the Other breed. No breed differences were 
found for BLOIN, BSHLDR, LEAN, or BPIC. 
Heritability estimates for primal and boneless sub-primal weights, total primal 
boneless lean, and individual muscles were similar to those for previous estimators of carcass 
composition (ie backfat and loin muscle area) found in the literature. Heritability estimates 
for backfat and loin muscle area were consistent with previous literature. Genetic correlation 
estimates between primals were high and positive in most instances (with the exception of 
the belly). The belly was negatively correlation with each of the other primal cuts. Primal 
cuts were highly correlated with their respective boneless sub-primal and individual muscle 
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components. Backfat was negatively correlated with each primal except for the belly, while 
loin muscle area was positively correlated with each primal with the exception of the belly. 
From these results, given accurate means with which to estimate the weight of either 
primal or boneless sub-primal carcass components, genetic selection of these traits should be 
possible. Geneticists and animal breeders should be able to predict breeding values for the 
given traits and develop selection indices, which incorporate the relative economic values for 
these carcass component traits and make genetic improvement in the weight of primal and 
boneless sub-primal cuts. 
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APPENDIX: ADDITIONAL TABLES 
Additive animal variance and covariance estimates (with standard errors) from a seven-trait analysis for primal cut weights, 
backfat, and loin muscle area 
Traitt, HAM LOIN BB PIC BELLY BFIO LMA 
HAM 0.17±0.04 



















a Additive variances on diagonal, additive covariances below diagonal. 
0.15±0.04 
1.07±0.35 20.62±5.53 
-0.56±0.27 -9.92±3.52 14.80±3.60 
b HAM= 401 Ham, LOIN= 410 Loin, BB= 406 Boston Butt, PIC= 405 Picnic shoulder, BELLY= 409 Belly, BFlO=Tenth rib offmidline carcass backfat, 
and LMA= Tenth rib carcass loin muscle area. 
00 
\0 
Residual variance and covariance estimates (with standard errors) from a seven-trait analysis for primal cut weights, backfat, and 

















LQlN BB PIC 
0.20±0.07 
-0.01±0.03 0.17±0.03 
-0.05±0.03 -0.03±0.02 0.16±0.03 
0.01±0.03 0.00±0.02 0.05±0.02 
0.11±0.44 -0.26±0.26 -0.23±0.26 
-0.06±0.36 0.13±0.21 -0.14±0.20 
a Residual variances on diagonal, residual covariance below diagonal. 
BELLY BFlO LMA 
0.07±0.03 
0.10±0.30 14.91±4.75 
0.03±0.22 -3.18±2.96 7.28±3.02 
b HAM= 401 Ham, LOIN= 410 Loin, BB= 406 Boston Butt, PIC= 405 Picnic shoulder, BELLY= 409 Belly, BFIO=Tenth rib offmidline carcass backfat, 




Additive animal variance and covariance estimates (with standard errors) from a four-trait 
analysis for boneless sub-primal cut weight a 











a Additive variances on diagonal, additive covariances below diagonal. 
LEAN 
0.93±0.22 
b BHAM= Boneless ham, BLOIN= Boneless loin, BSHLDR= Boneless shoulder, LEAN= Total carcass 
boneless lean. 
92 
Residual variance and covariance estimates (with standard errors) from a four-trait analysis 
for boneless sub-primal cut weight a 
Trait 6 BRAM BLOIN BSRLDR LEAN 
BRAM 0.03±0.03 
BLOIN 0.00±0.02 0.04±0.02 
BSRLDR 0.02±0.04 0.01±0.06 0.14±0.30 
LEAN 0.05±0.07 0.05±0.07 0.18±0.28 0.28±0.30 
a Residual variances on diagonal, residual covariance below diagonal. 
b BHAM= Boneless ham, BLOIN= Boneless loin, BSHLDR= Boneless shoulder, LEAN= Total carcass 
boneless lean. 
Additive animal variance and covariance estimates with standard errors from a five-trait anal sis for ham component weight a 
Trait HAM BRAM LEAN INS OUT KNU 
HAM 0.17±0.05 
BRAM 0.16±0.04 0.20±0.04 
LEAN 0.29±0.09 0.40±0.09 0.91±0.21 
INS 0.06±0.02 0.08±0.02 0.16±0.04 0.04±0.01 
OUT 0.06±0.02 0.08±0.02 0.17±0.04 0.03±0.01 0.04±0.01 
KNU 0.04±0.02 0.04±0.02 0.06±0.03 0.01±0.01 0.01±0.01 0.01±0.01 
a Additive variances on diagonal, additive covariances below diagonal. 




Residual variance and covariance estimates with standard errors from a five-trait anal sis for Ham com onent weight a 






























Additive animal variance and covariance estimates (with standard errors) from a five-trait 
analysis for Loin component weight a 
















a Additive variances on diagonal, additive covariances below diagonal. 
TEND 
0.01±0.00 
b LOIN= 410 LOIN, BLOIN= Boneless loin, LEAN= Total carcass boneless lean, LD= longissimus dorsi, 
TEND= psoas major. · 
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Residual variance and covariance estimates (with standard errors) from a five-trait analysis 
for Loin component weight a 

















a Residual variances on diagonal, residual covariance below diagonal. 
TEND 
0.01±0.00 
b LOIN= 410 LOIN, BLOIN= Boneless loin, LEAN= Total carcass boneless lean, LD= longissimus dorsi, 
TEND= psoas major. 
Additive animal variance and covariance estimates (with standard errors) from a six-trait analysis for shoulder component 
weights 3. 
TraitlJ BB PIC BSHLDR LEAN BBUTT BPIC 
BB 0.01±0.04 
PIC 0.01±0.03 0.03±0.03 
BSHLDR 0.02±0.05 0.05±0.05 0.10±0.08 
LEAN 0.07±0.08 0.14±0.08 0.30±0.12 1.05±0.24 
BBUTT 0.01±0.03 0.01±0.02 0.03±0.04 0.10±0.07 0.02±0.03 
BPIC 0.01±0.03 0.03±0.03 0.06±0.04 0.20±0.07 0.02±0.02 0.04±0.02 
a Additive variances on diagonal, additive covariances below diagonal. 
b BB=406 Boston Butt, PIC= 405 Picnic Shoulder, BSHLDR= Boneless shoulder, LEAN= Total carcass boneless lean, BBUTT= Boneless Boston Butt, 
BPIC= Boneless Picnic shoulder. 
\0 
--.J 
Residual variance and covariance estimates (with standard errors) from a six-trait analysis for shoulder component 
weiahts 8 • 
Trait I> BB PIC BSHLDR LEAN BBUTT BPIC 
BB 0.18±0.11 
PIC -0.02±0.08 0.16±0.07 
BSHLDR 0.11±0.16 0.06±0.12 0.13±0.22 
LEAN 0.14±0.18 0.07±0.14 0.15±0.25 0.21±0.32 
BBUTT 0.12±0.08 -0.03±0.06 0.08±0.11 0.10±0.13 0.09±0.06 
BPIC -0.01±0.07 0.09±0.06 0.06±0.10 0.05±0.12 -0.02±0.05 0.08±0.05 
a Residual variances on diagonal, residual covariance below diagonal. 
b BB=406 Boston Butt, PIC= 405 Picnic Shoulder, BSHLDR= Boneless shoulder, LEAN= Total carcass boneless lean, BBUTT= Boneless Boston Butt, 
BPIC= Boneless Picnic shoulder. 
\0 
00 
